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METHOD AND APPARATUS FOR RADIAL EXPANSION AND/OR COUPLING 

Background of the Invention 
This invention relates generally to tubular members. For convenience, the 
5 invention will be described with reference to wellbore casings that are formed using 
expandable tubing. However, it will be appreciated that the invention may be applied to 
other tubular members, such as pipelines and structural supports* 

' Conventionally, when a wellbore is created, a numberofcasings are instdled in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 

10 drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of smaller 
diameter than the casing of the upper interval. Thus, the casings are in a nested 

i s arrangement with casing diameters decreasing in downward direction. Cement armuli are 
provided between the outer surfaces of the casings and the borehole wall to seal the casings 
fiom the borehole wall. As a consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 

20 and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling rig 
time is involved due to required cement pumping, cement hardening, reqiured equipment 
changes due to large variations in hole diameters drilled in the course of the well, and the 
large volume of cuttings drilled and removed. 

The present invention is directed to alleviating one or more of the limitations of the 

2S existing procedures for forming wellbores and other tubular members. 
Summary of the Invention 

According to one aspect of the invention, an apparatus for plastically deforming 
and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 

30 diameter, and means for plastically defomiing and radially expanding a second portion of 
the tubular member to a second outside diameter. The means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter may 
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be frangible, elastic or inflatable, or it may include roliing means for applying radial 
pressure to the first portion of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
defoiming and radially expanding a tubular member is provided thiit includes a tubular 
5 support member including a first fluid passage, an expansion cone coupled to the tubular 
support member having a second fiuid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an aimular .expansion cone launcher coupled to the 
conical sleeve and a lower portion of the tubular member, and a shoe having a valveable 

10 passage coupled to an end of the expansion cone launcher. The conical sleeve may be, for 
example,, fkangibie, elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present invention, a method of plastically 
defonningand radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a portion of the tubular member to a first outside 

1 S diameter, and plaistically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. In one embodiment, plastica|ly deforming and 
radially expanding the first portion of the first tubular member comprises applying a radial 
force to the portion of the tubular member using a conical sleeve. The conical sleeve may 
be, for example, frangible, elastic or comprised of a plurality of arcuate elements. In 

20 another embodimost, plastically deforming and radially expanding the first portion of the 
first tubuiarmember comprises applying a radial force to the first portion of the first 
tubular member using aii inflatable bladder or using a roller.expahsion device. 

Accenting to another aspect of the present invention, a method of coupling a fint 
tubular member.to a second tubular member is provided that includes plastically deforming 

25 and radially expanding a first portion of the first tubular member to a first outside 

diameter, plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positionuig the second tubular member inside the 
fust tubular naember in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a third outside 

30 diameter, and plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal The first 
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outside diameter may be greater than the second outside diameter. In one embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
O comprises applying a radial force to the portion of the tubular member using a conical 

Q ■■ sleeve. The conical sleeve may be, for example^ frangible^ clastic or comprised of a 

S plurality of arcuate elements* In another embodiment, plastically deforming and radially 
g expanding the first portion of the first tubular member comprises applying a radial .force to 

^ the first portion of the first tubular member using an inflatable bladder or using a roller 

^ expansion device. 

^ According to another aspect of the present invention, an aj^aratus for coupling a 

^ 10 furst tubular member to a second tubular member is provided that includes means for 

plastically deforming and radially expanding a first portion of the first tubular niember to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion.of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the fu^t tubular member in overlapping relation to the first 

1 S portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourtfi outside, diameter. The inside 
diameters of the fust and second tubular members after the plastic deformations and radial 
expansions are substantially equal. The first outside diameter may be greater than the 

20 second outside diameter. In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be/for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 

25 expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 
using a roller expansion device. 

According to another aspect of the present invention, an apparatus for forming a 
weilbore casing within a wellbore is provided that includes means for supporting a tubular 

30 member within the wellbore, means for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 
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outside diamctw. The means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter may be frangible, elastic or 
O Inflatable, or it may include rolling means for applying radUl pressure to the first portion 

Q ofthe tubular member. 

5 According to another aspect of the present invention, an apparatus for foxming a 

wellbore casing within a weilbore is provided that inchides a tubular support member 
O . 
^ including a first fluid passage, an expansion cone coupled to flic tubular support member 

^ having a second fluid passage fluidicly coupled to the first fluid passage and an outer 

conical surface, a removable annular conical sleeve coupled to the outer conical surface of 
^ 1 0 the expansion cone, an annular expansion cone launcher coupled to the conical sleeve and 
a lower portion 6f the tubular member, and a shoe having a valveable passage coupled to 
an end of the expansion cone launcher. Hie conical sleeve may be, for example, firangible, 
elastic or comprised of a plurality of arcuate elements. 

According to aribther aspect of the present invention, a method of forming a 
1 5 wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion ofthe tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
another portion ofthe tubular member to a second outside diameter. In one embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
20 comprises applying a radial force to the portion ofthe tubular member using a «mical 
sleeve. The conical sleeve may be, for example, fiangible, clastic or comprised of a 
plurality of arcuate elements. In another embodiment, plastically deforming and radially 
expanding the first portion ofthe first tubular member comprises applying a radial force to 
the fiist portion ofthe first tubular member using an inflatable bladder or using a roller 
25 expansion device. 

According to another aspect of the present invention, a method of forming a mono- 
diameter wellbore casing within a wellbore is provided that includes supporting a first 
tubular member wthin the wellbore, plastically deforming and radially expanding a first 
portion ofthe first tubular member to a first outside diameter, plastically deforming and 
30 radially expanding another portion of the fust tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member iii 
overiapping relation to the first portion ofthe first tubular member, plastically deforming 
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and iadially expanding the second tubular member to a third outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. The first outside 
diameter may be greater than the second outside diameter. In one embodiment, plastically 
deforming and radially expanding the first portion of the first tubular member comprises 
applying a radial force to the portion of the tubular member using b conical sleeve. The 
conical sleeve may be,- for example^ frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodinient, plastically deforming and radially expanding the first 
portion of the first tubulcur member comprises applying a radial force to the first portion of 
the first tubular member using an inflatable bladder or using a roller expansion device. 
The method may fiirther comprise injecting an annular body of a hardenable iluidic sealing 
material into an aiinulus between the first tubular member and the wellbore and/or betwcfen 
the second tubular member and the wellbore. The aimular body or bodies may be cured. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided Uiat includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially, expanding another 
portion of the first tubular member to a second ouUide diameter^ means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members afler the plastic deformations and radial 
expansions are substantially equal. The first outside diameter may be greater than the 
second outside diameter. In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 
expanding the first poition of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 



using a roller expansion device. The apparatus may finlher comprise means for injecting 
an annular body of a hardenable fluidic sealing material into an anniilus between the first 
tubular member and the wellbore and/or between the second tubular member: and the 
wellbore. Such apparatus may farther comprise means for curing the annular body of 
hardenable fluidic sealing material. 

According to another aspect of the present inventioHt an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 
providing a lipped portion in a portion of the tubular member^ aiiid means for plastically 
deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apiparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the tubular 
support member haying a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, an annular expansion cone launcher including: a first annular 
portipn coupled to a lower portion of the tubular member, a second annular ix>iti^^ 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone^ a third lumular pordon coupled to the Second annular portion having a first 
outside diameter, and a fourth annular portion coupled to the, third- annular portion having a 
second outside diameter, wherein the second outside diameter is less than the first outside 
diameter, and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes providing a 
lipped portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. 

Accoidihg to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes providing a lipped 
portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
member inside the first mbular member in overiapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second tubular 



member. The inside diameters of the first and second tubular members alter the plastic 
defoimations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
providing a lipped portion in the first tubular member/means for plastically dcfforming and 
radially expanding another portion of the first tubular member, means for posidoning the 
second tubular member inside the first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and means for plastically deforming and radially 
expanding the second tubular member. The inside diameters of the first and second tubular 
members after the plastic defonnattons and radial expansions are substantially equal. 

AccQrdihg to another aspect of the present invention, an appamtus for forming a 
wellbore casing within a vsrellbore is provided that includes means for supporting a tubular 
member, within the wellbore, means for providing a lipped portion in the tubular member, 
and means for plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 

According to another aspect of the present inyentipny an apparatus for forming a 
wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to die tubular support member 
having a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surfaceman annular expansion cone launcher including: a first annular portion 
coupled to a lower portion of the tubular member, a second annular portion coupled to the 
first annular portion that mates with the outer conical surface of the expansion cone, a third 
armular portion coupled to the second armular portion having a first outside diameter, and a 
fourth annular portion coupled to the third armular portion having a .second outside 
diameteri v^rein the second outside diameter is less than the first outside diameteri and a 
shpe having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing in a wellbore is provided that includes supporting a tubular member within 
the wellbore, providing a lipped portion in a portion of the tubular member, and plastically 
deforming and radially expanding another portion of the tubular member. The method 
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may further comprise injecting a hardenabte fluidic sealing material in an annulu3 between 
the tubular member and the wellbore. 

According to another aspect of the present invention, a method of forming a moiio- 
diameter weUbore casing within a wellbore is provided that includes supporting a first 

5 tubular member within the wellbore, providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member The inside diameters of the 

1 0 first and second tubular members after the plastic deformations and radial expansions are 
substantially equal. The method may further comprise iniecting a hardenable fluidic 
scaling material in ari anhulus between the first tubular member and the wellbore and/or 
between the second tubular member and the wellbore. The fluidic sealing material may be 
cured, 

15 According to another aspect of the present invention, an apparatus for forming a 

mono-diameter wellbore casing within a wellbore is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the lipped 

20 portion of the first tubular member, and means for plastically deforming and radially 

expanding the second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. The 
apparatus may fiirther comprise means for injecting a hardenable fluidic sealing material in 
an annulus betweoi die first tubular member and the wellbore and/or between the second 

25 tubular member and the wellbore. Such apparatus may fiirther comprise means for curing 

the fluidic sealing material. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 
plastically deforming and radially expanding a first end of the tubular member, and means 
30 for plastically deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 
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support member including a first passage, an expansion cone coupled to the tubular 
^ support having a second passage fluidicly coupled to the fust passage and an Quter conical 

O surface, an annidar expansion cone launcher roovably coupled to outer conical surface of 

^ the expansion cone, an expandable tubular member coupled to an end of the annular: 

S expansion cone launcher, a shoe coupled to another end of the aiuiular expansion cone 
launcher having a valveable fluid passage, and another annular expansion cone movably 

O 

22 coupled to the tubular support member. The annular expansion cones art positioned in 

^ opposite orientations. In one embodiment, the annular expansion cone is adapted to 

plastically deform and radially expand a first end of the expandabte tubular member and 
^ 1 0 the other annular expansion cone is adapted to plastically deform and radially expand a 

second end of the expandable tubular member. The apparatus may further comprise an 

anchoring member coupled to the tubular support member adapted to hold the expandable 

tubular. 

According to another aspect of the present invention, an apparatus for forming a 

1 5 wellbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to die first passage and an outer conical surface, an angular 
expansion cone launcher movably coupled to outer conical surface of the expansion cone, 
an expandable tubular member coupled to an end of the annular expansion cone launcher, a 

20 shoe coupled to another end of the annular expansion cone launcher having a valveable 
fluid passage, and another annular expansion cone movably coupled to the tubular support 
member. The annular expansion cones are positioned in opposite orientations. In one 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a flrst end of the expandable tubular member and the other annular expansion cone 

25 is adapted to plastically defomi and radially expand a second end of the expandable tubular 
member. The apparatus may further comprise an anchoring member coupled to the tubular 
support member adapted to hold the expandable tubular. 

According to another aspect of the present invention, an apparatus for bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 

30 includes means for supporting a tubular member in overiapping relation to die opposing 
ends of the wellbore casings, means for plastically deforming and radially expanding the 
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tubular member, and means for plastically deforming and radially expanding the tubular 
member and the opposing ends of the wellboie casings. 

According to another aspect of the present invention^ a method of bridging an axial 
gap between opposing pairs of wellbore casing within a wellbore is provided that includes 
supporting a tubular member in overlapping relation to the opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
defonning and radially expanding the tubular member and the opposing ends of die 
wellbore casings. 

According to another aspect of the present invention, a method of forming a 
structure having desired strengdi characteristics is provided that includes providing a first 
tubular member, and plastically deforming and radially expandingi addittonal tubular 
members onto the interior surface of the first tubular member until die desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore having desired strength, characteristics is provided that 
includes plastically deforming and radially expanding a first tubular member within the 
wellbore^ and plastically deforming and radially expanding additional tubular members 
onto the interior surface of the first tubular member until Uie desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member, the first tubular member having an original 
outside diameter ODo and an original wall thickness to$ is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another poition of the first 
tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overiapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a thitd outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter* The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal, and the ratio of the origbul outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 

-10- 
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According to another aspect of the present invention, a method of forming a mono- 
diaractcr wellbore casing is provided that includes positioning a first tubular member 
O within a wellbore, the first tubular member having an original outside diameter ODo and an 

^ original wall thickness to, plastically defonnlng and radially expanding a first portion of 

5 the first tubular member to a fint outside diameter, plastically deforming and radially 
CO expanding another portion of the first tubular member to a second outside diameter, 

S positioning the second tubular member inside the first tubular member in overlapping 

OS relation to the first portion of the first tubular member, plastically defonnihg and radially 

expanding the second tubular member to a third outside diameter, and plastically 
^ 1 0 deforming and radially expanding the second tubular member to a fourth outside diameter. 

The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal, and the mtio of the original otitslde diameter 
ODo of the first tubular member to the original wall thickness to of the first tubular member 
is greater than or equal to 16. 
1 5 According to another aspect of the present invention, ah apparatus is provided that 

includes a plastically deformed and radially expanded tubular member having a first 
portion having a firrt outside diameter and a remaining portion having secondoutside 
diameter. The ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to oftbe first tubular member is greaterthanorequalto 16. 
20 According to another aspect of the present invention, an apparatus is provided that 

includes a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically defonned and radially expanded second tubular member 
coupled to the first portion of the first tubular member. The ratio of the original outside 
25 diameter ODo of the first tubular member to the original wall thick^iess to of fl^ 

tubular member is greater than or equal to 16. In one embodiment, the inside diameters of 
the first and second tubular members are substantially equal. 

According to another aspect of the present invention, a jvellbore casing formed iii a 
wellbore is provided that includes a plastically deformed and radially expanded first 
30 tubular member having a first portion having a furst outside diameter and a remaining 
portion having a second outside diameter, and a plastically defonned and radially 
expanded second tubular member coupled to the first portion of the first tubular meniber. 
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The ratio of the original outside diameter ODo of the first tubular member to the original 
wall thickness to of the first tubular member is greater than or equal to 1 6. In one 
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O embodiment, the inside diameters of the first and second tubular members are substantially 

Q equal, 

S According to another aspect of the present invention, an apparatus is provided that 

g includes a plastically defomcd and radially expanded tubular member. The ratio of the 

^ original outside diameter ODq of the tubular member to the original wall thickness to of the 

^ tubular member is gxeatcrtiian or equal to 16. 

According to another aspect of the present invention there is provided an apparatus 
^ 10 for plastically deforming and radially expanding a tubular member, coinprising: means for 
coupling a first expansion cone to a second expansion cone; means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter using the first and second expansion cones; means for plastically deforming and 
radially expanding a second portion of the tubular member to a second outside diameter 
1 5 using the second expansion cone; and means for decoupling the first and second expansion 
cones prior to plastically deforming and radially expanding the second portion of the 
tubular member to the second oittside diameter, wherein the first outside diameter is 
greater than the second outside diameter. 

According to another aspect of the present invention there is provided a inethod of 
20 plastically deforming and radially expanding a tubular member, comprising: plastically 
deforming and radially expanding a portion of the tubular menikber to a first outside 
diameter using a first expansion cone coupled to a second expansion cone; decoupling the 
first and second expansion cones; and plastically deforming and radially expanding another 
portion of the tubular member to a second outside diameter using the second expansion 
25 cone; wherein the first outside diameter is greater than the second outside diameten 

According to another aspect of the present invention there is provided a method of 
coupling a first tubular member to a second tubular member, comprising: plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter using a first expansion cone coupled to a second expansion cone; 
30 decoupling the first and second expansion cones; plastically deforming and radially 

expanding another portion of the first tubular member to a second outside diameter using 
the second expansion cone; positioning the second tubular member inside the first tubular 
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member in overlapping relation to the first portion of the first tubular member; plastically 
deforming and radially expanding the second tubular member to a third outside diameter; 
and plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; wherein the first outside diameter b greater than the second outside 
diameter, and wherein the inside diameters of the first and second tubular members after 
the plastic defoliations and radial expansions are substantially equal. 

According to ahothcr aspect of the present invention there is provided an apparatus 
for coupling a first tubular member to a second tubular member, comprising: means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
means for decouplmg the first expansion cone from the second expansion cone; means for 
plastically defonning and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the ifirst 
portion of the first tubular member; means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and means for plastically 
deforming and radially expanding the second tubular member to a fourth outside diameter; 
wherein the first outside diameter is greater than the second oiitside diameter, and wherein 
the inside diameteis of tfie first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
for fonning a wellbote casing within a wellbore, comprising: means for supporting a 
tubular member within the wellbore; means for plastically deforming and radially 
expanding a first portion of tiie tubular member to a first outside diameter using a first 
expansion cone coupled to a second expansion cone; means for decoupling the first and 
second expansion cones; and means for plastically defonning and radially expanding a 
second portion of die tubular member to a second outside diameter using tiie second 
expansion cone; vrtierein the first outside diameter is greater than the second outside 
diameter. 

According to another aspect of the present invention tiiere is provided a metiiod of 
fonning a wellbore casing wiUiin a wellbore, comprising: supporting a tubular member 
wittiin a wellbore; plastically deforming and radially expanding a portion of tiie tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
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expansion cone; decoupling the first and second expansion cones; and plastically 
defonning and radially expanding another portion of the tubular member to a second 
outside diameter using the second expansion cone; wherein the first outside diameter is 
greater than the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
forming a mono-diameter wellbore casing within a wellbore, comprising: supporting a first 
tubular member Mvithin the wellbore; plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter using a first expansion cone 
coupled to a second expansion cone; decoupling the first and second expansion cones; 
phsticaliy defonning and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter; wherein the first outside diameter is 
greater than the second outside diameter; and wherein the inside diameters of the. first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

Accordmg to another aspect of the present invention there is provided an apparatus 
for coupling a first tubular member to a second tubular member, comprising: means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
means for decoupling the fiist and second expansion cones; means for plastically 
defonning and radially expanding another portion of the first nibular member to a second 
outside diameter using the second expansion cone; means for positioning the second 
tubular member inside the first tubular member in overlapping relation to the first portion 
of the first tubular member; means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter; and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter; wherein 
the first outside diameter is greater than the second outside diameter; and wherein the 
inside diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 
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Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig, lb is across-sectional illustration of the placement of an embodimoit of an 
5 apparatus for radially expanding a tulnilar member into the weUboro of Fig. la. 

Fig. Ic is a cross-sectional illuatration of the injection of fluidio materials through 

the apparatus of Fig. lb. 

Fig. Id is across-sectional iUustration of the iiyection of hardenabfe^ 

materials through the q>paratU8 of Fig. Ic. 
10 Fig. le is a cross-sectional illustration of the prcssurizationof the r^oa below the 

expansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of flie continued pressurization of the region 
below the expansion cone of Ae apparatus of Fig. le. 

Fig. 1 g is a cross-sectional illustration of the contmued piessuxization of the region 
15 below the eiqiansion cone of the apparatus of Fig, If following the removal of the over- 
expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the completioa of the radial expansion of 
the expandable tubular member of the q^paratus of Fig. Ig. 

Fig. 1 i is a cross-sectional illustration of the drillmg out of a new section of the 
20 wellbore below the apparatus of Fig. lb. 

Fig. Ij is a cxoss-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the q>parattts of Pig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. IL 
25 Fig. 11 is a cross-sectional illustration of the completion of fho secondary radial 

expansion of the other expandable tubular member of Fig. Ik to &nn a mono-diunetcr 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellboro including a preeodstizig ^ 
wellbore casmg. 

30 Fig. 2b is a cross-sectional illustration of the placemoat of an embodiment of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 
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Fig. 2c 18 a cTosMcctioiial illustration of tho injection of fluidio laaterials tbrough 

the apparatus ofFig. 2b. 

Rg. 2d is a cross-sectional ilhislration of the iqcction of hardcuable fluidic scaling 

materials throujli the ^aratus of Fig. 2c. 
5 Fig. 2c is a cross^tional illustration of &o prossurization of Ihewgion below the 

e3q>ansion cone of the ^paratus of Fig. 2d 

Fig. 2f is a cross-sectional illustration of the continued pressuriziation of the rogion 
bdow the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a crosis-scctipnal illustration of the completion of the tadial expansion of 
10 the d^andabto tubular member ofthei^amtus OfFig* 2£ 

Fig. 2h is a cross-sectional iUuateation of the drifling out of a new section 

wellbore below the ^aratua of Fig. 2g. 

Fig. 2i is a cross-secdonai illustration of the radial expansion of another 
expandable tubidar member that overlaps with the apparatus of Fig. 2h. 
15 Fig. 2j is a cross-sectionaiiUustration of the secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 2i, 

Fig. 2k is a cro8»-s60tionaiiUusitrationof the completion of the secpndary radial 
e^qjansion of the other expandable tubular member of Fig. 2j to &m a mono-diameter 
wellbore casing. 

20 Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating the 

design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Fig. 3. 

Fig. 4 is a mss-sectional illustration of an alternative embodiment of the apparatus 
25 of Fig. 2b including a resilient hook for retrieving tiie ov«r-expansion insert 
Hg. 5a is a cross-sectional illustration of a wellbore inchi^ 

wellbore casing. 

Fig. 5b is a cross-sectional iUustration of the formation of a new section of 
wellbore casing m the wellbore of Fig. 5a. 
30 Fig. 5c is a fragmentary i»088««ectional illustration of the placement of an 

inflatable bladder into the new section of the wellbore casing of Fig. 5b. 
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Fig. 5d is a ftagmentaiy cioss-scctional iUustratiQii of tho inflation of the inflatable 
bladder of Kg. 5c. 

Kg. 5o is a cross-sectional illustration of the new section of wejilbore casing of Fig. 

5d after ov^-cKpansioa 
5 Fig. 5f is a ooss-scctiona] illostratiQii of tho new seotion of wellbore casing of Fig. 

5e after drilling out a new section of the wellbore. 

' Fig. 5g is a cross-sectional illustration of the fermatibn of a mono-diameter 
wellbore casing that inchdes the new section of the wellbore casing and an additional 

section of wellbore casing. 
10 Fig. 6a is a cxoBS-sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 6b is a oioss-sectional illustration of tho formation of a new section of 
wellbore casing in the wdlboie of Fig. 6a. 

Fig. 6c is a ftagmentary cross-sectional illustration of the placement of a roller 
1 S radial expansion device into the new section of the wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing of Fig. 

6c after 6ve^expan8ibxL 

Fig. 66 is a cioss-sectional illustration of the new section of wellbore casing of Fig. 
6d after drilling but a new section of the wellbore. 
20 Fig, 6f is a cross-sectional illustration of the formation of a mono-diameter 

wellbore casing diat mchides the new secticm of wellbore casing and an additional 
section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexistmg 

wellbore casing. 

25 Hg* 7b is a cross-sectional illustration of the placement of an embodiment of an 

^paratus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cioss-sectiooal iUustration of the injection of fluidic materials throu^ 

the apparatus of Fi& 7b. 

Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic sealing 

30 materials ftuDug^ the ^aratus of Fig. 7c. 

Fig. 7e is a cross-sectioaal illustration of the pressunzation of the region below the 
expansion cone of the apparatus of Fig. 7d. 
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Fig. 7f is a cross-ecctionalilluBtration of the continuedpieasiirizalion of the region 
below the expansion oone of the q>parfttu8 of Fig. 7e. 

Fig. 7g is a Gioas^cctional illustFation of the completion of the radial expansion of 
the expandable tubular meinber of the apparatus of Fig. 7f. 
5 Fig;7hiiacro8946ctionaliUustrationofthBddll^ 

wdLbore below the apparatus of Fig. 7g. 

Fig. 71 is a cross-sectional Hhistration of the completion of Qie radial e^ansion of 
another expandable tubular member to form a mono-diameter wellbore casing. 

Fig. 8a is ooss-aectiosal illustration of an wellbore including a preflxisting section 
10 ofwellborecasuig having a recessed portion. 

Fig. 8b is a cross-sectional ilhislration of the placraacnf of an ^aratus for radially 
expanding a tiibular member withm the wellbore of Fig. 8a 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials throng 

the q>paratu8 bf Fig. 8b. 
15 Fig. 8d is a crosa^cctional illustration of the injection of a hMdenable fluidic 

sealing matoial.thiough the qipaxatus of Fig. 8a 

Fig. 8e is cioss-sectionBl illustration of the isolation of the region below the - 
expansion cone and within (he expansion cone launcher of the apparatus of Fig. .8d. 

Fig. 8f is across-sectional iUustration of the plastic deformation and radial 
20 expansion bf the upper portion of the expandable tubular member of the apparatus of Fig. 
8c. 

Fig. 8g is a cross-sectiona] illustration of the removal of the upper expansion cone 
fiom the wellbore of iRg. 8£ 

Fig. Sh is a cross-sectional iUustiation of the continued pTcssurization of the region 
25 below the expansion cone of the apparatus of Fig. 8g to iheieby plastically deform and 
radially expand the expansion cone launcher and expandable tubular member. 

Fig. 81 is a cross-sectional illustration of the completion of the initial radial 
expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a croais-scctional illustratiott of the finther radial expansion of the 
30 apparatus of Fig. 8i in order to fomi a mono-ifiameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 
preexisting wellbore casfaigs that are BopmXed by an axial gap. 
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Fig. 9b is a cioss-sectionfll illustration of the coi^Iing of a tubular member to the 

opposing ends of the weUbore cadngn of Fig. 9a. 

Fig. 9o is a fragmentary croM-acctional Ulustration of the placemen 

0Xi>an8ion device into the tubular member of Fig. 9b. 

5 Fig. 9d is a fragmeotaxy cross-fleotibnai iUustiatioxi of the actuation of the radial 

expansion device of Fig. 9a 

Fig. 9e is a cross-sectional of a mono-diameter weUbore casing generated by the 

actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of amono-diamcter weUbore casmg that 
10 includes a plutafity of layers of radially expanded tubular membos along at least a portion 
ofthe its length. 

Fig. 1 la is a czoss^ectional iUustratian of a wellbore inohiding a easing formed by 
plastically deforming and radially expanding a first tubular member. 

Fig. 1 lb 18 a cioss-sectional illustraticm of a wellbore inchiding another casmg 
15 coupled to the picexistmg casing by plastically deforming and radially expanding a second 
tubular member. 

Fig, lie is a cross-sectional illustration of a mono-diameter wellbore casing 
fonncd by radially expanding the second tubular menb^r a second time. 
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Detailed Description 

Several embodiments of methods and apparatus for forming a mono*diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, or 
structural supports. Furthermore, while the present illustrative embodiments are 
described with reference to the formation of mono-diameter wellbore casings, the 
teachings of the present disclosure have general application to the formation or repair 
of wellbore casings^ pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing IS may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment^ the wellbore casing IS is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (I) U.S. patent 6497289, (2) Australian patent application AU-A-16417/00, 
(3) U.S. patent 6823937, (4) US. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6S57640, (9) U.S. pat^t 
6604763, (10) International patent application WO 01/04535, (1 1) International patent 
application WO 01/33037. (12) U.S. patent 6564875, (13) U.S, patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US*A-2003*01 16325, and (17) U.S. patent 
application US-A-2004-004571 8, the disclosures of which are incorporated herein by 
reference. More generally, the preexistmg wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. lb, an apparatus 1 00 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member 105 defming a passage 1 10 for conveying fluidic materials. An 
expansion cone 115 deflning a passage 120 and having an outer conical surface 125 for 
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radially expanding tubular members is coupled to an end of the tubular suj^ort 
member lOS. An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 1 IS. In 
several alternative embodiments, the over-e}q>ansion sleeve 130 is fabricated from 
frangible materials such as» for example, ceramic materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100* In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 130. 

An expansion cone launcher 1 35 is movabiy coupled to and supported by the 
expansion cone 115 and the over-expansion sleeve 130. The expansion cone launcher 
135 include an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 1 15 and the over^expansion sleeve 130^ an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to the 
lower portion of the expansion cone launcher 135. In apreferred embodiment, the 
valveable passage 145 may be controllably closed in order to fluidtcly isolate a region 
ISO below the expansion cone US and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 155. In 
several alternative embodiments, the sealing members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 160a and 160b. 

In a preferred embocUment, the support member lOS, the expansion cone 1 15, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
155 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent 6497289, (2) Australian patent application AU-A-16417/00, (3) U.S. patent 
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6823937, (4) U.S. patent 63281 13, (S) US. patent 6640903, (6) U.S. patent 6S68471, 
(7) U.S; patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (1 1) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
application US*A*20D3-O121558, (IS) U.S. patent application US-A-2004-0033906, 
(16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent application US- 
A-2004-004571 8, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within (he wellbore 10, fluidic materials 165 within the wellbore 10 are 
conv^ed through the apparatus 100 through the passages 110, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement of 
the apparatus 100 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 100 is initially positioned within the wellbore 10 sudi that the top portion of 
the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expandecl into 
contact with and coupled to the preexisting casing 15. As wll be recognized by 
persons having ordinary skill m the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expaiision, and the material properties of the 
expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected through the 
apparatus iOO through the passages 1 10, 120, and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then be 
injected through the apparatus 100 through the passages 110, 120 and 145 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative embodiments, the injection of the hardenable fluidic sealing material 
175 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 1 75 is compressible^ before, during and/or after, the curing process. 
As illustrated in Fig. le, a non-hardenable ifluidic material 180 may then be injected 
into the apparatus through the passages 1 10 and 120. A ball plug 1 85, or other 



20 



wo 02/29199 : PCr/US01/303S6 

amilar device, may then be injected with the fhiidic matenal 180 to thoeby seal off the 
passage 145. la Ms maonav the region 150 maybe pressurized by the continued injection 
of die flddic material 180 hito the apparatus 100* 

As illustxated in Fig. lf» the cootinaed iigection of the fluidic material 180 into the 
5 apparatus 100 causes the c]q)an8i<m cone lamicher 135 and «cpf^^ 

155 to be plastically deformed and radially expanded off of the over-expansion sleeve 130. 
b this manner, the expansion cone 1 15 and over-expansion sleeve 130 are displaced 
rdative to the expansion cone launcher 135 and expandable tubular member 155 in the 
axial direction. 

10 After a predetermined thue period and/or after a predetermined axial displaconent 

of the expansion cone 1 15 relsthre to the expansion cone launcher 135 and exp^dable 
tubular member 1 55, the over-expansion sleeve 130 may be removed ton the outer 
conical surface 125 of the expansion cone 115 by the application of a predetermined 
iq>wani shock load to the support member 105. In a preferred embodiment, the shock load 

15 causes the frangible oveT'^pansion sleeve 130 to j&acturo inU> small pieces tha^ 

forced off of the outer conical surface 125 of ^e expansion cone 115 by the continued 
prcssurization of the region 150. Biaprefexred embodiment, the pieces of the over- 
expansion sleeve 130 are pulverized into grains of noatoialbythecoiitiimedprfissuriz^ 
oftho region 150. 

20 Referdng to Fig. 1 g, Mowing the removal of the frangible o^-es^anslon sleeve 

■ 130, the continued prcssurization of the region 150 causes the eaqiandable tubular member 
155 to be plastically deformed and radially expanded and extruded offof the outer conical 
sur&ce 125 of the expansion cone 1 15. Note that (he amount of ladiaL expansion provided 
by the outer conical surface 125 of expansion cone 1 15 is less than the amount of radial 
25 expansion provided by the combmation of the over-expansion sleeve 130 and the 

expansioncone 115. In this manner, as illustiated in Fig. lh» arecess 185 is formedin the 
radially expanded tubular member 155. 

After completing the plastic deformation and radial eixpansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby form an 
30 annular body 190 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out the shoe usmg 
a conventional drilling device. Anew section of the wellbore 10 may also be drilled out in 
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order to permit additional expandable tubular members to be coupled to the bottom 
portion of the plastically deformed and radially expanded tubular member ISS. 

Referring to Fig. Ij, a tubular member 200 may then be plastically deformed 
and radially eqpanded using any number of conventional methods of radially 
S ^panding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 18S of the tubular member 155. In a preferred embodiment, one or more 
sealing members '205 are coupled to the exterior surface of the upper portion of the 
tubular member 200* In a prefeired embodiment, the sealing members 205 seal the 

10 interface between the upper portion of the tubular member 200 and the recessed portion 
185 of the tubular member 155. In several alternative embodiments, the sealing 
members 205 may include elastomeric elements and/or metallic elements and/or 
composite elenients. In several alternative embodiments, one or more anchoring 
elements may substituted for, or used in addition to, the sealing members 205. In a 

IS preferred embodiment, an annular body 210 of a hardenable fluidic sealing material is 
ialso formed around the tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and metfiods disclosed in the following: (1) U.S. patent 6497289, (2) 

20 Australian patent application AU-A-164)7/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S. patMit 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535. (11) International patent application WO 01/33037, (12) U.S. patent 
6564875. (13) U.S. patent 6695012, (14) U.S. patent applicaUon US-A-2003>0121S58, 

25 (15) U.S. patent application US*A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325. and (17) U.S. patent application US*Ar2004r00457l8, the disclosures 
of which are incotporated herein by reference. 
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In an alternative embodiment, the annular body 210 may be omitted* In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
duri ng and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member:220 to plastically deform and 
radially expaiid the tubular member 200 such that the interior dianieter of the tubular 
members ISS and 200 are substantially equal. In this manner, as illustrated in Fig. 11, a 
mono-diameter wellbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 for 
radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defming a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 32S for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion insert 
330 mates with and is removably coupled to the outer conical surface '325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defming a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 may be controllably closed in order to fluidicly isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 330 
includes a plurality of spaced-apart arcuate inserts 330a, 330b/ 330c and 330d tfiat arc 
positioned between the outer conical surface 325 of the eTq^ansion cone 315 and the 
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inner surface of the intermediate portion of the expansion cone launcher 335. In this 
manner^ the relative axial displacement of the expansion cone 315 and the expansion 
cone launcher 33S will cause the expansion cone to over-expand the intermediate 
portion of the expansion cone launcher. In this manner, a redess may be formed in the 
5 radially expanded expansion cone launcher 335. In several alternative embodiments, 
the inserts 330a, 330bi 330c, and 330d fall out of the recess and/or are removed from 
the recess using a conventional retrieval tool upon the conipletion of the radial 
expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 

10 330 further includes intermediate resilient members 331a, 331b, 331c, and 33 Id for 
resiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess* 

15 An expandable tubular member 355 is coupled to the upper portion of the 

expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 

20 alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 

25 patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patoit 
6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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application US-A-2003-0121558, (15) U.S, patent application US'A-2004-0033906, 
(16) U.S. patent application US-A-2003-01 1632S, and (17) U.S. patent application US- 
A-2004-004571 8, the disclosures of which are Incorporated herein by reference. 

As illustrated in Fig. 2b, In a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10, fluidic materials 36S vAthih the wellbore 10 are 
conveyed through the apparams 300 through the passages 3 1 0, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement of 
the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 300 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 355 overlaps with the preexisting casing 15. In this manner, the 
upper 
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portion of the expandable tubular member 355 may be radially expanded into oontact with 
and eoiipled to the preexisting casing 1 5. As will be recognized by persons having 
ordinary skill b the aiti the preciBe initial position of this e3q;)andable tubular member 355 
will vary as a function of the amount of radial expansion, Ihe amount of axial shrinkage 
5 during radial oxpanaion, and the material propeitiea of the expandable tubular member. 
As illustrated in Fig. 2o^ a ihiidic material 370 may then be injected tbrou^ the 
apparatus 300 Hicou^ the passages 310, 320, and 345 in order to teat the proper operatioii 
of those passages. 

As illustrated in Fig. 2d, a haidenable fluidic sealing material 375 may then be 
10 injected through the apparatus 300 through the passages 3 1 0, 320 and 345 into the annulus 
between the apparatus and the wellbore 10. In tiiis manner, an annular barrio to fluid 
migration into and out of the wellbore 10 may be formed around the radially expanded 
expansion cone launcher 335 and expandable tubular member 355. The hardenable fluidic 
sealing matecial may include, for examplet, a cement mixtute. hi several alternative 
1 5 embodiinentSt the iiyection of the hardenable fluidic sealing material 375 may be omitted. 
in several altemative embodiments, the hardenable fluidic sealing material 375 is 
compressible^ before^ during and/or after, the curing process. 

As illttstrated in Fig. 2e, a non-hardenable fluidic mat^al 3S0 may then be 
injected into the apparatus through the passages 310 and 320. A ball plug 385, or other 
20 similar device, may then be mjected with the fluidic material 380 to thereby seal oif the 
passage 345 . la this manner, the region 350 may be pressurized by the continued injection 
of the fluidic material 380 into the apparatus 300. 

As illustrated m Fig. 2f, the continued injection of the fluidic material 380 into the 
^paratus 300 causes the expansion cone launch^ 335 to be plastically defoimed and 
25 radially expanded ofFof the over-expansion insert 330. In this notanner, the expansion cone 
315 is displaced relative to the expansion cone launcher 335 and expandable tubular 
member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion ins^ 
. 330, the radial expansion of the expansion cone laun<^ar 335 and expandable tubular 
30 member 355 is i^vided solely by ttie outer conical surface 325 of the expansion cono 315. 
Note &at the amount of radial expansion provided by the outer conical surface 325 of 
expansion cone 315 is less than ^e amount of radial expansion provided by the 
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combination of the over-expansion insert 330 and the expansion cone 315. In Ihia manner^ 
38 illustrated in Fig. 2g^ a lecess 390 is fonned in the ladially expanded tubular member 
355. 

la several alternative embodiments, the over-expansion insert 330 is removed from 
S the recess 390 by ftUing out end/or removal using a ooflvenfioai^ In an 

alternative embodiment, the resilient force provided by the resilient members 33 la, 33 lb, 
331c, and 33 Id cause the insect 330 to coHi^se in (he radial dhection and thereby fiJl out 
of the recess 390. In an alteniativc onbodtment, as i&ustrated in Fig. 4, one or more 
resilient hooks 395a and 395b are coupled to the bottom of the 03q)ansion cone 3 15 for 
10 retrieving the ova*-expansion inseit 330 during or after the completioa of the radial 
expansion process. . . 

After completing the plastic deformation and radial expansion of the tubular 
member 355, the hardcnable fiuidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a barrier to fluid flow into or out of ttic wellbore 10. 
1 5 Kefeiiii^ to Fig. 2h, the shoe 340 may then removed by drilling out the shoe using 

a conventional drilling device. A new section of tiie wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 355. 

Kefening to Fig. 2j, a tubular member 405 may then be plastically deformed and 
20 radially expanded using any number of conventional methods of radially expanding a 
tubular member, in a preferred embodiment, the uppecr portion of the radially expanded 
tubular member 405 overl^s with and mates with the recessed portion 390 of the tubular 
member 355. hi aprefenred embodmient, one or mora sealmg members 410 are coupled to 
the exterior surface of tiie upper portion of the tubular member 405« Jn a preferred 
25 embodiment, the sealing members 410 seal the interftce between the i^er portion of the 
tubular meniber 405 and tise recessed portion 390 of the tubular member 355. In several 
alternative embodiments, tiie sealing members 410 may include dastomeric elements 
and/or metaltic elements end/or composite elements. In several alternative embodunents^ 
one or more anchoring elements may substituted for, or used in addition to, the sealing 
30 members 410. hi a prefeiied embodiment, an annular bo(^ 415 of a hardenablefhtid^^ 
sealing material is also formed around the tubuki member 405 using one or more 
oonvraitianal methods. 
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In a preferred embodimenti the tubular member 405 is plastically deformed and 
radially expanded, and the annular body 41 S is formed using one or more of the 
apparatus and methods disclosed in the following: (I) U.S. patent 6497289, (2) 
Australian patent application AU-A-16417/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S, patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-0121SS8, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
alternative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as Illustrated in Fig. 21c, 
a mono-diameter wellbore casing may be formed. 

Refening to Figs 5a*5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of = 
conventional methods. An annular body of a fluidic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods. In 
a preferred embodiment, the tubular member 500 is plastically deformed and radially 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A-1 64 17/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
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(8) U.S. patent 6S57640, (9) U.S. patent 6604763, (10) International: patent application 
WO 01/04535, (11) International patent application WO 0I/33Q37, (12) US. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A.2003-0121558, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-004S718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. Sc and 5d, a conventional inflatable bladder S15 may then be 
positioned within the tubular member 500 and inflated to a sufficient operating 
pressure to plastically deform and radially expand a portion of the tubular member to 
thereby form a recess 520 in the tubular member. 

Referring to Figs. Se and 5f, the inflatable bladder SIS may then be removed 
and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member S2S may then be plastically 

■ 

deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
525, an annular body 530 of a fluidic sealuig material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to permit the over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 

Referring to Figs 6a-6b, in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
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^ a preferred embodiment, the tubular member 600 h plastically dcfonned and radially 

O expanded and the annular body 610 is formed using one or more of the methods and 

^ apparatus disclosed in one or more of the following: (I) U.S. patent 6497289, (2) 

Australian patent application AU-A- 164 1 7/00. (3) U.S. patent 6823937. (4) U.S. patent 
g 5 63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S, patent 6575240, 
^ (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) IntemaUonal patent application 

^ WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 

g 6564875, (13) U.i5. patent 6695012, (14) U.S. patent application US-A-2003-0121558, 

(15) U.S. patent application US-A-2004-0033906, (16) U.S; patent application US-A- 
10 2003-01 16325, and (17) U.S. patent application US-A.2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
15 then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby form 
a recess 620 In the tubular member. As will be recognized by persons having ordinary 
skill in the art, a roller expansion device typically utilizes one or more rollers that, 
20 through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodiments, the roller expansion device 615 may 
include eccentric rollers such as, for example, as disclosed in U.S. Pat. Nos. 5,014,779 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 
25 removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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625, an annular body 630 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the roetiiods 
and apparatus described above. 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring initiially to Fig. 7a, a weilbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting vvellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
eihbodinient, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) AusU^lian patent application AU-A- 16417/00, 
(3) U.S. patent 6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04S35, (11) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033,906, (16) y.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular membo' 
may then be positioned within die wellbore 10. The apparatus 700 includes a tubular 
support member 70S defining a passage 710 for convey mg fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 for 
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radially expanding tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 73S is moyably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 73Sa 
having an upper outer diameter, an intermediate poztion 735b that mates with the 
expansion cone 71S» and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 fiirther includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defming a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controUably closed in order to fluidicly isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735; One or more sealing members 765a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 7SS. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements aind/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 axe provided substantially as disclosed in one or more of the following: (1) U.S. 
patent 6497289, (2) Australian patent application AU-A-16417/00, (3) U.S. patent 
6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U S. patent 6568471, 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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application US-A-2003-ai2l558, (15) U.S. patent application US-A.2004-0Q33906, 
(16) as. patent application US-A-2003-01 16325, and (17) U,S. patent application US- 
A-2004-00457 1 8, the disclosures of which are incorporated herein.by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluidic materials 76S within the wellboit 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 74S to a 
location above the apparatus 700. In this manner, surge pressures during placement.of 
the apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 700 Is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 755 overlaps with the preexisting casing IS. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
contact with and coupled to the pre^isting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 755 will vaiy as a function of the amount of radial exjpanstpn, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandabletubular member. 

As illustrated in Fig. 7c» a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710, 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular banier 
to fluid migration into and oiit of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative 
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embodiments, the injection of the hardenable fluidic sealing material 775 may be omitted. 
In several altematiYe embodimeots, the hardenable fhiidio sealing material 775 is 
oompressible, btfore, during and/or after, die curing process. 

As iilustiEted in Fig. 7e, a non-hardenable fluidic material 780 may then be 
5 injected into the q>i»iata8 tiuough the passages 710 and 720. A ball plug 785, or oth^ 
similar dovice, may then be injected with the fluidio material 7S0 to thereby seal off the 
passage 745. In ibis manner, the region 750 may be {xessvtrized by the continued injection 
of tiie fluidic material 780 into the apparatus 700. 

As illustrated inFigs. 7f and 7g, the continued injection of the fluidic material 780 

10 into the apparatus 700 causes the expansion cone launcher 735 and expandable tubular 
member 755 to be plastically deformed and radially expanded off of the expansion cone 
715. The resulting structure includes a lip 790. 

After conq>leting the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material b allowed to cure to fliereby form an 

15 aminlarbody795thatpiovide8abaixiertofluidfiowmtooroutofthewellbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe using 
a conventibnal drilling device. A new section of the wellbore 10 may alao be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically defonned and radially expanded tubular member 755. 

20 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

d6fi>nned and radially expanded in a conventional manner and/or by using one or more of 
the methods and qiparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular member 800, an annular 
body 805 of a fiuidio sealing material maybe formed around the tubular member in a 

25 conventional manner and/or by using one or more of the methods and apparatus described 
above. In a preferred embodunent, the lip 790 facilitates the coupling of the tubular 
member 800 to the tubular member 755 by providing a region on which the tubular 
member 800 maybe easily cm^led onto. 

Refening to Fig. 8a, in an alternative embodiment, a wellbore 10 includes a 

30 preexisting section of wellborn casing IS and 900. The wellbixe casmg 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluidio 
sealing material may also be provided around the ca^ng 900. Hie casing 900 and annular 
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body 915 may be provided using any number of conventional methods, the methods 
described above, and/or using one or more of the methods disclosed in the following: 
(1) patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. 
patent 6823937, (4) U.S. patent 6328113, (S) US. patent 6640903, (6) U.S. patent 
6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, 
(10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US*A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
application US*A*2004-0045718, the disclosures of which are incorporated herein by 
reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellbore 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking 
device 1015 that defmes a passage 1020 for conveying fluidic materials that is fluidicly 
coupled to the 
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passage 1010. The lockiDg device 1015 iurther includes inlet passages, 1020a and 1020b» 
actuating chambers, 1025a and 1025b» and locking monbets, 1030a and 1030b» During 
operation, the injection of fimdic materials into the actoating chambeirB, 1025a and 1025b, 
causes the locking members, 1030a and 1030b, to be displaced outwardly in the radial 
5 dizection. In this nuumer, the locking device 1015 may be controllably coupled to a 
tubular member to thereby maintain the tubular mcmbar in a substantially stationary 
position; As will be recognized by penxms having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuadng chambeis 1025, and 
locking members 1030 will detexmine the maximum amount of holding force provided by 
10 the locking device 1015. in seveial altemattve embodiments, fluidic materials may be 
injected into the locking device 1015 using a dedicated iluid passage in order to provide 
precise control of the locking device. In several altemattve anbodiments, tbo lockmg 
device 1015 may be omitted and the tubular support member 1 0O5 coupled directly to the 
tabular support member 1035. 
15 One end of a tubular supportmember 1035 that defines apassfi^e 1040 is coupled 

to the locking device 1015. Hie passage 1040 is iloidioly coupled to the passage 1020. 
An expansion cone 1045 that defines a passage 1050 and includes an outer conical sur&ce 
1055 is coupled to another end of the tubular support member 1035. An expansion cone 
launcher 1 060 is movably coupled to and supported by the expansion cone 1 045. The 

20 expansion cone launcher 1060 includes an upper portion 1060a having an upper outside 
diameter, an intermediate portion 1060b that mates wlfli die eacpansion cone 1045, and a 
lower portion 1060c having a lower outside diameter. The lower outside diameter is 
greater than the upper outside diameter. 

A shoe 1065 that defines a valveahle passage 1070 is coupled to the lower portion 

25 1060c of the expansion cone launcher 1060. In this manner, a region 1075 below the 

expansion cone 1045 and bounded by the expansion cone laundier 1060 and the shoe 1065 
maybe pressurized and fluidicly isolated from the annular region between the apparatus 
1000 and the wellbore 10. 

An expandable tubular member 1080 is coi^led to the upper portion of the 

30 expansion cone laundier 1 060, Jn several altemativc embodiments, one or more sealing 
members are coupled to the exterior of the upper portion of the expandable tubular 
member 1080. In several alternative embodiments, the sealing members may include 
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elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular 
S support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

In a preferred embodiment, the support members 1005 and 1035, the expansion 
10 cone 1045, the expansion cone launcher 1060, the shoe 1065, and the expandable 
tubular member 1080 . are provided substantially as. disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patrat application AU-A- 164 17/00, 
(3) US. patent 6823937, (4) U.S. patmt 6328113, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) USf. patent 6557640, (9) U.S. patent 
15 6604763, (10) International patent application WO 01/04535, (1 1) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121S58, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of whic^ are incorporated herein by 
20 reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1 000 within the wellbore 10, fluidic materials I I IQ v/ithin the wellbore 10 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 
25 placement of the apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 Is initially positioned within the wellbore 10 such that 
the top portion, of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
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member 1080 may be radially expanded into contact with and coupled to the recess 910 
of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1 115 may then be injected through 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 
injected throu^ the apparatus 1000 through the passages 101 0» 1020, 1040, and 1070 
into the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 1060 and ekpandable tubular member 
1080. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 is compressible^ before, during and/or after, . 
the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1125 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
plug 1 130, or other similar device, may then be injected with the fluidic material 1 125 
to thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1 125 into the ajqiaratus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b» of the 
locking device 1015 may 
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bo pressurized. In fhis manner, the tubular meodfaer 1 080 may be held in a substantially 
stationary position by thc locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then bo actuated ia the 
downward diiectioa by a direct application of axial ibrco uaing ^ support mdmber 1 lOO 
S and/or through the application of fluid force. The axial displacement of the expansion 
cone 1 085 may plastically defimn and radially expand the upper portion of the expand^le 
tubular member 1 080. In this manner, the upper portion of the expandable tubular 
member 1080 may be precisely coupled to the recess 910 of the preexisting casing 900. 
During the downward actuation of the expansion cone 1085, the locking member 
10 1015 preferably prevents axial diq)laGement of the tubularmember 1080. In aprefored 
embodiment, the locking member 1015 is positioned proximate the upper portion of the 
tubular member 1080 in order to prevent buckling of the tubular member 1080 during the 
radial expansion of the upper portion of the tubular member. Li an alternative 
embodiment, the locking member 1015 is omitted and the interference between the 
1 S Intermediate portion* 1060b of the expansion cone launcher 1060 and the expansion cone 
1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the upper portion of the tubular member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised out 
of&ewellborelO. 

20 As illustrated in Fig. 8h, the continued inJectioQ of the.fiddic material 1 125 into 

the apparatus 1000 may then cause die expansion cone launchor 1060 and die expandable 
tubular member 1080 to be plastically deformed and radially e)q>anded offof the 
expansion cone 1045. In this manner, the expansion cone 1045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1080 in the axial direction, 

25 In a preferred onbodiment, the axial forces crested during the riadial expansion process are 
greater than the axial forces generated by the locking device 1015. As wiU be recognized 
by persons having ordinary skill in the art, the precise relationship between these axial 
forces will vary as a function of the opemting characteristics of &e locking device 1015 
and the metallurgical properties of the expansion cone launcher 1060 arid eocpaudable 

30 tubular 1 080. In an alternative embodiment, the operating pressures of the actuating 

chambers, 1025a and lQ25b, and the rpgion 1075 arc separate^ controllable by providing 
separate and dedicated fluid passages for pressurizing each. 
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As illustrated in Pig. 8i» after completing the plastic deformatioii and radial 
expansion of the tubular member 1080, the hardeoable fluidic sealing material is allowed 
to cnre to Iher^y fonn an annular body 1130 that provides a barrier to fluid flow into or 
outof thewetibore 10. The shoe 1065 may then removed by drilling out the shoe using a 
5 conventianal drilling device. A hew section of the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
. of the plastically deforaaed and radially expanded tubular member 1 080. 

In en alternative embodiment, the annular body 1 130 may be omitted. In several 
alternative embodiments, the annular body 1 130 may bo radially compressed before^ 
10 during and/or after curing. 

Referring to Fig. 8j« the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter wellbore 
casing. 

Referrhig to Fig. 9a, a wellbore 1200 includes an upper preexisthig casing 1205 
15 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 

outer annular layers of fluidic sealing materials such as, for example, cement The ends of 

the casings, 1205 and 1210, are separated by a giq) 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the opposing 

ends of the casuigff. 1205 and 1210, to thereby bridge the gap 12 15. In a preleirod 
20 embodimmt, the tubular member 1220 is coupled to the opposing ends of the casings, 

1205 and 1210, by plastically de&xming and radially expandmg the tubular member 1220 

using one or more of the methods and apparatus described and referenced above. 

Referring to Fig. 9c, aradial expansion device 1225 may then be positioned wifbin ' 

the tubular member 1220. In a preferred embodiment, the length of the radial expansion 
25 device 1225 is greater than or equal to the axial length of the tubular member 1220. hi 

several alternative embodimratSy the radial expansion device 1225 may be any number of 

conventional radial expansion devices such as, for example, expansion cones actuated by 

hydraulic and/or direct axial forces roller expansion devices, and/or expandable hydraulic 

bladders. 

30 Referring to Figs. 9d and 9e, after actuation and subsequent dc-actuation and 

removal of the radial expansion device 1225, the inside diamet^s of the casings, 1205 and 
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1210, aro substantially equal to ftc inside diameter of the tubular member 1220. In this 
manner, a moao-diameter wellbore caamg tnsy be fanned. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 and 
an inner tabular member 1310. apieferred embodiment^ the tubular members, 1305 and 
5 1310, are plastioallydo&nned and radially eoq)and6d using one or moxo of ^e methods 
and q>paratas described and rofeienced above. In this manner, a wellbore casing may be 

pn)vided whose bunt and collqise strength may be preoiaely controlled by vat^^ 
number, thickness, and/or material properties of the tubular members, 1305 and 1310. 
Referring to Fig. 1 la, a wellboie 1400 includes a casing 1405 that is coupled to a 
10 preexisting casing 1410. Ihapreferred embodiment, one or more sealing meniberB 1415 
are coiqpled to the exterior of the upper portion of the tubular membw 1 405 in order to 
optimally seal the inter&cc between the tubular member 1405 and the pimisting casing 
1410. In a piefened embodiment, the tubular member 1405 is plastically deibrmcd and 
radially expanded using conventional methods and/or one or more of the methods and 
1 S apparatus described and referenced above. In an excmplaiy embodiment, the outside 
diameter of the tubular member 1405 prior to the radial expansion process is ODq, the wall 
thickness of the tubular member 1405 prior to the radial expansion process is to, the 
outside diameter of (he tubular member followmg the radial expansion process is 0D|, and 
the wall thickness of the tubular member following the radial expansion process is t|. 
20 RefemngtoFig. lib, a tubular member 1420 may then be coupled to the lower 

portion of the tubular member 1405 by plastically defomiing and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods and 
i^paratus described and re&renced above. In a preferred embodiment, the exterior sor&ce 
of the upper portion of the tubular member 1420 includes one or more sealing members for 
25 sealing the interface between the tubular member 1420 and the tubular member 1 405. 

Referring to Fig. 1 Ic, lower portion of the tubular member 1405 and the tubular 
member 1420 may be radial^ expanded again to provide a iziono-diameter weDboie 
casing. The additional radial expansion maybe provided using conventional medioda 
and/br one or more of die methods and apparatus described and referenced above. In an 
30 exemplary embodiment, the outside diam^ and wall thickness of the lower portion of 
tiie tubular member 1405 after the additional radial expansion process are OD^ andt2. 
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Tbo iBdial oxpansion process of Figs. 1 lb-1 Ic can then be repeated to provide a 
mono-diameter wellbcre casing of virtually unlimited length. 

Li several alternative embodiments, tbe ordering of the radial cxpansicms of the 
tubular members^ 1405 and 1420, may be changed. For example, the first tubular member 
5 1405 may be plaatically detoned and iadiBlly expanded to provide a lower portloa having 
the otttssdo diameter OD, and the remaining portion having the outside diameter QD|. The 
tubular member 1420 may then be plastically definmed and radially expanded one or more 
times until the inside diametcts of the tubular membera, 1405 and 1420, are substantial^ 
equal. The plastic deformations and radial expansions of the tubular members, 1405 and 
1 0 1420, may be i»ovided using conventional metirads and/or one or more of the methods and 
apparatus described and referenced above. 

In an exemplary embodmient, the total expansion strain £ of the tabular member 
1405 may be expressed by die following equation: 

E^(OD^-OD^)lOD, (1) 

15 where ODo^origmal outside diameter, 

0D| - outside diameter after 1** radial expansion; and 
ODj » outude diameter afta* 2'^ radial oxpaniibn. 
Furtheanoro^ m an exeroplaiy embodiment, where: (1) the.exterior suriace of the 
upper pocticm of (he tubular member 1420 includes sealing membeta, and (2) the radial 
20 spacing between the tubular monber 1405 and the welIboi:e 1400 prior to the first radial 
. expansion is equal to d, the outside diameters, ODi and ODj, of the tubular member 1405 
following the finit and second radial expansions may be expressed as: 

QDi=:QDo + 2rf+2r, (2) 
0!D2 = 0!Di + 2i?+2rj (3) 

where ODq " tiie origmal outside diameter ofthe tubular member 1405; 
25 0D| " the outside diameter ofthe tubular member 1405 

following the first radial expansion; 
OD2 ■ the ontnde diameter of the tubular member 1405 

following tiie second radial expansion; 
d " the radial spacing between the tubuhur member 1405 
3 0 and the wellbore prior to the first radial expansion; 
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t| » the wall thickness ofthe tubular member 1405 after 

the fixst radial expansion; 
^ - thewall thickness ofthetuhularmember 1405 after 
the second radial expansion; and 
5 R » thethicknesaofsealingmenxberprovidedontfae 

exterior surface of the tubular member 1420. 
Furtfaennore, in an exemplary embodimeat* for d approximately equal to 0^5 
inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 

i;=:(or+3.7/o)/0!Oo (4) 

10 wh^e tg » the origmalwall thickness of the tubular member 

1405. 

In an exen^lary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of tho expandable tubular member. Therefore, torn equation (4) the ratio of the 
15 origihal outside diameter to the original wall thickness (OD(/t^ may be expressed as: 

OD^ / ro > 3^ / (O J - OJ / <2Do ) (5) 

Thus, in a preferred embodiment, for ODq less than 10 inches, the optimal ratio of 
to oiigixud outside diameter to the original waU thickness (OD(/1o) may be expressed as: 

ODo/^o^ie (6) 

20 la this manner, for ^ical tubular members, the burst and collapse strength of the 

tubular members following one or more radial expansions are maximized when the 
relationship tii equation (6).is satisfied. Fuilheemorc, the relationships expressed in 
. equations (1) through (6) are valid regardless of the order or type of the radial expansions 
of the tabular member 1405. More generally, the relationships expressed in equations (1) 

25 through (d) may be applied to the radial expansion of structures having a wide range of 
profiles such as, for example, trjangolar, rectangular, and ovaL 

An ^aratus for plastically deforming and radially expanding a tubular member 
has heca described Aat includes means for plastically deforming and radially expanding a 
first portion of the tubular member to a first outside diameter, and means for plastically 

3 0 deforming and radially expanding a second pordon of the tubular member to a second 
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outside diameter. In a preferred cmbodiineat, the first outsido diameter is greater than the 
second outside diameter. In a preferred embodiment, the means for plastically defocmiog 
and radially expanding tho Gisi portion of the tubular member to the first outside diameter 
is removable. M a prefotred embodiment, the means fan plastically defonning and radially 
5 sanding the first portion of the tubular member to the first outside diameter is fi»igii.ble« 
In a preferred embodiment, the means for plastically deforming and radially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a preferred 
embodiment, the means for plastically defbrming and radially expanding the first portion 
of the tubular member to the first outside diameter includes means for flying a radial 
1 0 force to the first portion of the tubular member. In a preferred embodiment, the means for 
plastically deforoiing and radially escpandkig the first portion of the tubular member to the 
first outside diameter is ixiflatable. In a preferred embodiment^ the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first portion of 
15 the tubular member. 

An ^paiatus for plasticaliy deibrmiog and radially expanding a tubular member 
has also been described that includes a tubizlar support member including a first fiuid 
passage, an expansion cone coupled to tho tubular si^port member having a second fluid 
passage fiuidicly coupled to the first fluid passage and an outer conical surface, a 
20 removable annular conical sleeve coupled to fiie outer conical suzfiice of the expaiision 
cone, an annular expansion cone lauacher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
the ejqsanaion cone launcher. In a preferred embodhnent, the conical sleeve is fiangible. 
In a preferred embodiment, the conical sleeve is elastic. In a preferred embodimoi^ the 
25 conical sleeve includes a plurality of arcuate eliements. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes plastically de&nnit^ and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically defonning and radially 
expanding another portion of the tubular member to a second outside diameter, &i a 
30 preferred embodiment, the first diameter is greater than the second diameter. &ia . 
preferred embodiment, plastically defomung and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member using 



WOOZ/29199 PC1YUS01/102S6 
a conical sleeve. In a prefened embodiment, conical sleeve is firangiblo. In a preferred 
embodiment^ tiio conical sleeve is elastic. Ja a prefened embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a piefened embodiment, plastically deforming 
and radially expanding the portion of the tubular member includes applying a radial &rce 
5 to the portion ofthe tubular member using an inflatable bladder. In a preferred 
embodiment, plastically deforming and radially expanding the portion ofthe tubular 
member includes applying a radial force to the portion ofthe tubular member using a roller 
expansion device 

A me&od of coupling a first tubular mraiber to a second tubular member has also 

10 been described that includes plastically deforming and radially expanding a first portion of 
the first tubular member to a first outside diameter, plastically deforming and radially 
expanding another porticm of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in overtyping 
relation to the first portion of die first tubular member, plastically defomiing and radially 

15 expanding the second tubular member to a tiurd outside diameter, and plastically 

deforming and radially expanding the second tubular member to a fourth outside diameter. 
The inside diameters ofthe first and second tubular members after tiie plastic deformations 
and radial expansions are substantially equal, hi a prefened embodizxxesnt, the first outside 
diameter is greater than the second outside diameter. In a prefen:ed embodiment, 

20 plasticaUydefbtming andradiallyexpandingtbefirstportionof thefiisttubolarmemb^ 
includes applyiag a radial force to the portion ofthe tubuUu: member using a conical 
sleeve. In a prefenred embodiment, the conical sleeve is fi'angible. In aprefeired 
embodiment^ the corneal sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements, hi apreferred embodiment, plastically deforming 

25 and radially expanding tho first portion of tiie first tubular member includes applying a 
radial force to die firstportion ofthe first tubular member nsbg an inflatable bladder. In a 
preferred embodiment, plastically deforming and radially expanding tiie first portion of tiie 
first tubular member includes applying a radial force to tiie first portion of tfae.first tubular 
member using a roller expansion device. 

30 An iq[>panitus for couplmg a first tubular member to. a second tubular member has 

also been described that includes means for plastically deforming and radially expanding a 
first portion of die first tubular m^ber to a first outnde diameter, means for plastically 
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defonning and radially expandizig another portion of the fiist tubular momber to a second 
outside diameter, means for positioning the second tubular member inside the iirst tubular 
member in overlapping relation to &e first portion of the first tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 
5 diameter; and means for plastioally defoiming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
members after the plastic deformations and radial eiq)8nBions are substantially equal. In a 
pxe&nred embodiment, the first outside diometar is greater than the second outside 
diameter. In a prefened embodiment, the means fi>r plastically deforming and radially 
10 expanding the first poitlon of the first tubular member mcludes means for applying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve ia fiangible. In a preferred embodiment, the conical sleeve 
is elastic. In apreferred embodiment* the conical sleeve includes aplurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 
IS expaiiding the first portion ofthe first tubular member includes means for applyiiig a 
force to the first portion ofthe first tubularmerober using an inflatable bladder, hi a 
prefemed embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includea means for applying a radial force to the first 
portion of the first tubular member usmg a rollo' expansion device. 
20 An apparatus for fomiing a wcllbore casing within a wellbore has also been 

described that irwludes means for 8iq>portmg a tubnlar member within the wellbore, means 
for plastically deforming and radially expanding a first portion of the tubular member to a 
first outside diameter, and means forplastically defoiming and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 
2S embddunent, the first outside diameter is greater than the second outside diameter. In a 
preferred embodiment, the means for plastically defomiing and radially expanding the first 
poition of the tubular member to the first outside diameter is removable. Li a prefeired 
onbodiment, &e means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is fiangible. hi a prefenred 
30 embodiment, die means for plastically defomung and radially expanding Use first portion 
of the tubular member to the first outside diameter is elastic. In a preferred embodiment, 
the meaiui for plastically deforming and radially expanding the first portion of the tubular 
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member to the iust outside diameter includes means for applying a radial force to the first 
portion of the tubular member. In a prefcned embodiment, the means for plastically 
deformiiig and radialf^ expanding the first portion of tiie tubular member to the first 
outside diameter is inflatable. .. In a prefexxed embodiment, the means for plastically 
5 defimhing end radially expanding the first portion of the tubular member to the first 
outside diameter inchides rolling means for applying radial pressure to the first portion of 
the tubular member. In a preferred embodiment, the ^aratus fUrther inchades means for 
forming an annular body of a fiuidic sealing material widiin an annulus between the 
tubular member and the wellbore. 
10 An ^paratus for forming a wellbore casing within a wellboie has also been 

described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surfoce^ a reinoyable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
1 5 annular ejqiansion cone launcher coupled to the conical sleeve and a lower portion of the 
. tubular member, and a shoe having a valveable passage coupled to an end of the expansion 
cone laundier. hi a preferred embodiment, the conical sleeve is firangjble. . In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. 
20 A method of fonning a woUbom casing within a wellbore has also been described 

that includes supporting a tubular member withm a wellbore, pHastically defonning and 
radially expandmg a portion of the tubular member to a first outside diameter, and 
plflistically deforming and radially expanding another portion of the tubular member to a 
second outside diameter. In a pcefenedembodiment^ the first diameter is greater than the 
25 second diameter. In a prefened embodiment, plastically deforming and radially expanding 
the pcntion of the tubular member includes applying a radial force to the portion of fise 
tubular member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frangible, hi a preferred embodiment, the conical sleeve is elasdo. In a prefened 
embodiment, the conical sleeve includes a plurality of arcuate elements* Jn. a preferred 
30 embodiment, plastically deforming and radially expanding the portion of the tubular 
member includes implying a radial force to the portion of the tubular member using an 
inflatable bladder. In a pccfenred embodiment, plastically defonning and radially 
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expanding the portion of Ihe tubular member includes applying a radial foroe to the portion 
of the tubular member ludng a roller e^^ansion device, lii a prefcirod embodiment, the 
method ilirther. includes iijectiag an annular body of a hardenablo fluidic sealing material 
into an annulus between the tubular member and the wellbore. In a preferred embodiment, 
the Qiethod iuither includes curing the annular body of hardenable iluidic sealing material. 

A mediod of £>rming a mono-diametcr wellbore casing within a wellbore has also 
been described that includes supporting a iirst tubular member within the wellbore, 
plastically deforming end radially expanding a first portion of the first tubular member to a 
first outside diameter, plastically deforming and radially e^^mndmg another portiou of die 
first tubular member to a second outside diameter, podtiooing the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular membo:, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically do&rming and rsdially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic dejR^zmations and radial expansions are substantially 
equal In a preferred embodiment the first outside diameter is greater than the second 
outside diameter. In a prefened embodiment, plastically deforming and radially expanding 
the first poition of the first tubular member includes applying a radial force to (he portion 
of the tubular member using a conical sleeve. In a preferred embodiment, the conical 
sleeve is fiangible. In a preferred onbodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve mcludes a plurality of arcuate elements. In a preferred 
embodiment, plastically deforming and radially expanding the first portion of fiie first 
tubular member mcludes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder, hi a preferred embodiment; plastically deforrxung and 
radially expanding the first portion of the first tubular member includes ^plying a radial 
force to the first portion of the first tubular member using a roller expansion device. In a 
prefened embo^ment, the. method finther includes bjectiAg ah annular body of a 
hardenable fiuidic sealing material into an annulus between the first tubular member and 
the wellbore. In aprefened embodiment the method forther includes curing the aimular 
body of hardenable fiuidic sealing material. In a prefjarod embodiment, the method 
fiuther inchides izy'ecting an annular bodty of a hardenable fiuidic sealing material into an 
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Bimnlus between tho second tubular member and the wellbore. In a prefened canbodiment, 
(be method finther includes curing tho annular body of hanienablo fluidic sealing material 

An fqppaiatus Sot coupling a first tubular member to a second tubular member has 
also been described that includes means for plastically defomiing and radially expanding a 
5 firstportion of tfie first tubularmember to a ifirst outside diameter, means for plastically 
deforming and radially expanding another portion of the first tubular memba* to a second 
outside diameter^ means for positioning tiie second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, means for 
plastically defbmung and radially expanding the second tubular member to a thiid outside 
1 0 diameter, and means for plasticalty deforming and radially expanding the second tubular 
member to a fouith outside diameter. The inside diameters of the fist and second tubular 
members after tho plastic defomiations and radial expansions are substantially equal In a 
preferred embodiment, the first outside diameter is greater than the second outside 
diametei; la a prefened rabodhnent, the means for plastically deforming and radially 
. 1 5 esqianding the first portion of the first tubular member includes means for applying a radial 
force to the portion of the tubular member using a conical sleeve. !bi a prefened 
embodiment, the conical sleeve is firangtble. In a preferred embodiment, the conical sleeve 
is elastic In a preferred embodiment the conical sleeve includes a plurality of arcuate 
elemmts. In a preferred embodiment, the means for plastically defomung and radially 
20 expanding die fiist portion of (he first tubular member includes means for applying a radial 
force to the first portion of the first tubular member usmg an infiatable bladder. In a 
prefecred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member inchides means for applying a radial force to the first 
portion of the first tubular member using a toller expansion device. In a piofonred 
25 embodiment, the apparatus forther includes means for injecting an annular body of a 
hardenable fiuidic sealing material into an annulus between the first tubular member and 
the wellbore. In a preferred embodiment, the apparatus further includes means for curing 
the annular bodty of hardenable fiuidic sealmg material In a preferred embodiment, the 
apparatus further includes means for ii^ecting an aimular body of a hardenable fiuidic 
30 sealing material into an annulus between the second tubular member and the wellbore. In 
a piefezred embodiment, the apparatus further includes means for curing tho atmuiar body 
of hardenable fhiidic sealing material. 
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An apparatus for plaatically defonning and radially expanding a tubular member 
has also been described tbat includes means for providing a lipped portion in a portion of 
the tubular member, and means for plastically defomiing and radially expanding another 
portion of the tubular member. 
5 An apparatus for plastically doforming and radially oxpanding a tubular member 

has also been described that inchides a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a secoiui fluid 
passage fluidicly coupled to the firet fluid passage and an outer conical surfkce, an annular 
expansion cone launcher includmg: a first annular portion coiQ>]ed to a low portion of 
10 iho tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical aur&co of the expansion cone, a third amiular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to die third annular portion having a second outside diameter, wheroin tho second 
outside diameter is less than the first outside diameter, and a shoe having a valveaWe 
15 passage coupled to fourth annular portion of the expansion cone launcher, 

A method of plastically defonning and radially expanding a tubular member has 
aliso been described that includes providmg a lipped portion in a portion of the tybular 
member, and plastically deforming and radially expandinig anofher portion of the tubular 
member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that includes providing a lipped portion in a portion of the first tubular 
member, plastically deforming and radially expanding another portion of the first tubular 
member, positioning the second tubular member indde the first tubular xnember in 
ovtt-lapping relation to the lipped portion of tho first tubular member, and plastically 

25 deforming and radially expanding the second tubular member. Tho inside diameters of tho 
first and second tubular members after the plastic defomjations and radial expansions ore 
substantially equal. 

An apparauis for coupling a first tubular mraiber to a second tubular member has 
also been described that moludes means for providing a lipped portion in the first tubular 
30 member, means for plastically deforming and radially expanding anothM* portion of the 
first tubular member, means for positioamg the second tubular member inside the first 
tubular member in overlapping relation to die lipped pwtion of the first tubular m«nber. 
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and means for plastically de&immg and xadially expanding tfao second tubular member. 
The inside diameters of &e first and second tubular memberB after the plastic defoxmatiana 
. and radial expansions are substantially equal 

An apparatus for forming a wellbore casing within a wellboie has also been 
5 descnbod that includes means fiir supportmg a tubular meniber withhi the wellbore, means 
for providing a tipped portion in the tubular meniber, and means for plastically deforming 
and radially expandijig another portion of the tubular member to a second outside 
diameter. 

An apparatus for fimning a wellbore casing widun a wellbore has also been 
10 described that includes a tubular support member mcluding a first fliud passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fiuid passage and an out^ conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 

15 mates with the outer conical Bur&co of the expansion cone^ athiid annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe hiiving a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 

20 A method of fonmng a wellbore casmg in a wellbore has also been described that 

includes supporting a tubular member within the wellbore, providmg a lipped portion in a 
portion of the tubular member, and plasticdlly deforming and radially expanding another 
portion of the tubular member, hi a prefened embodiment, the method fijither includes 
ejecting a hardenable iluidic sealing material in an annulus between the tubular monber 

25 and the wellbore. In a preferred embodhuent^ fiie method finlher includes curing the 
fiuidic sealing material. 

A method of fonning a mono^ameter wellbore casing withhi a wellbore has also 
beoi described that includes supporting a first tubular member within the wellbore, 
providing a lipped portion in a portion of fixe first tubular member, plastically deforming 

30 and radially expanding another portion of the first tubular member, positioning the second 
tubular member iruide the first tubular mraaber in ov^lapping relation to the lipped 
portion of thb first tubular member, and plastically defomaing and radially expanding the 
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second tubular member. The inside diametos of the firat and second tubidar mei^ 
after U» plastic de&nnatioiis and radial roqpansions arc substantially equal. In a preferred 
embodiment, the method tothcr includes injecting a haidenable fluidic sealing material in 
an annolus betwewi the jSrst tubular member and the wcllbore. In a piefened embodiment, 
5 the method luithCT includes curing the flm'dioseBlj^ Ihaprefenedembodimcai^ 
the method further includes injecting a hardenable fluidic sealing material in an annuhis 
b€*wecn tfao second tubular member and the wellboro. In a preferred embodiment the 
method further includes curing the fluidic sealmg material. 

An uppanm to fonning a mono-diameter weUbore casing within a wellbore has 
10 also been described that inchides means for providing a Hppedport^^^ 

member, means for plastically deforming and radially expanding another portion of the 
first tubular member, means for positioning the second tubular member inside the first 
tubular member in overlapping relation to the lipped portion of the first tubular monber, 
and means fijr plasUcaUy dcfomimg and radially expanding the second tubular member. 
15 The inside diameters of the first and second tubular membera after the plastic defonnations 
and radial expansions are substantially equal. In a prefenod embodiment, the apparatus 
further includes means for injecting a hardenable fluidic sealmg material in an annulus 
between the first tubular member and the wcllbore. In a prefcntxl embodiment, the 
^>paratus further includes means for curing the fluidic sealing material. In a preferred 
20 embodhnent, the apparatus further includes means for injecting a hardenable fluidic 

sealing material in an annulus between the second tubular member and the w^^ Ina 
preferred embodiment, the apparatus fiirther includes means for curing the fluidic sealing 
material. 

An apparatus for plastically deforming and radially expanding a tubular member 
25 has also beien described that includes means for plastically defonning and radially 
expanding a first end of the tubular member, and means for plastically defonning and 
radially expanding a second end ofthe tubular member. In a prefened embodiment, the 
apparatus fiuther includes means £)r anchoring die tubular member during the radial 
expansion. 

30 An apparatus for plasticaUy defonning and radiafly expanding a tubular memb^ 

has also been described that includes a tubular support member including a first passage, 
an expansion oono coupled to dxe tubular support having a second passage fhiidicly 
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coaled to the first passage and an outer conical sur&ce» an annular «q)an9ion cone 
launchormovably coupled to outer conical aurfkcoof the expansion cone» an expandable 
tubular member coupled to an end of the annular ^cpansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fluid passage, 
5 and another annular expansion cone movably coupled to the tubular Bui^rt member. The 
annular expansion cones axe positioned in opposite oiientationa. In a preferred 
embodiment, die annular expansion cone is adapted to pksticBlly deform and radially 
expand a first end of the expandable tubular member and the other annular oq>anston cone 
is adapted to plastically deform and radially expand a second aid of the expandable 
10 tubular member. In apreferied embodiment, the apparatus fUrther indudes an an^ 
member coupled to the tubular support member adapted to hold the e^qpandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first end 
of the tubular member^ end plastically deforming and radially expanding a secraid end of 
15 the tubular member. Inapreferredembodimenty the method fiuther includes anchoring 
the tubular member during the radial expansion. Ihaprefimdeinbodhnentythefirstend 
of the tubular inember is plastically deformed and radially expanded be&re the second 
end In a prefexied cmbodimeat, plasticaUy defomaing and radially expanding the second 
end of the tubular member includes injecting a fiuidic material into the tubular membea:. 
20 A me&od of coupling a first tubular member to a second tubular member has also 

been described that includes positioning the second tubular monber inside the first tubular 
member in an overlappmg relationship, plastically defonning and radially expanding the 
end of the second tubuhff member that overlaps with the first tubular member, and 
plastically deforming and radially expanding the remaining portion of the second tubular 
25 monber. hi a preferred anbodinaent,ttto method fitttherinchidos plasticaDydefanhm^ 
and radially expanding at least a portion of tixe second tubular member. In a preferred 
embodiment, the inside diameters of the first and second tabular membera axo substantiany 
equal after the radial ei^ansions. 

An a^aratus for coupling a first tubular membw to a second tubular member has 
30 also been described that includes Dieans for positioning the second tubular member i^^ 
file first tubular member in an overlapping relationship, means £Qr plastically dcfbiming 
and radially expanding the end of the second tubular member that overlaps with the first 
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tubular member, and means for plastically defbnning and radially expending the remaining 
portion of the second tubular member. In a preferred embodiment, the apparatus further 
indudes means for plastically defomiing and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, the inside diameters of the first and 
5 second tubular membeis are substandelly equal after the radial expansions. 

An apparatus for fommg a wellbore casing within a woUbore has also been 
described that tnchiddi means far suppcntuig a tubular member within the wellbore, means 
for plastically defonning and radially expanding a first end of the tubular member, and . 
means for plastically deforming and radially expanding a second end of the tubular 
member. M a prefetred embodiment* the apparatus fiirther inchides means for anchoring 
the tubular member during the radial expansion, hi a prefezred embodiment, the apparatus 
further includes means for injecting a hardenable fluidio sealing material into an annulus 
between the tubular membo: and the wellbore. 

An apparatus for fonning a wellbme casing within a wellbore has also been 
described that includes a tubular support member including a first passage, an expansion 
cone ooT^led to the tubular support having a second passage fluidicly coupled to the first 
passage and an outer conical surface, en annular expansion cone lamicher movably 
coupled to outer conical sur&ce of the expansian cone» an expandable tubular member 
coupled to an end of the annular expansion cone launcher, a shoe coi^led to another end 
of the annular expansion cone launcher having a valveable fiuid passage, and another 
annular expansion cone movably coupled to the tubular 8iq[>port member. The annular 
expansion cones are positioned in opposite orientations. In a preferred embodiment, the 
aimular expansion cone is adapted to phutically deform and radially expand a first end of 
die expandable tubular member and the other annular expansion cone is adapted to 
plasdcally deform and radially expand a second end of flie expandable tubular member. In 
a prefened embodiment, the apparatus fiu&er includes an anchoring member coupled to 
the tubular support member adapted to hold the expandable tubular. 

A method of formmg a wdlbore cashg within a wellbore has also been described 
that iiscludes plastically deforming and radially expanding a first end of the tubular 
member and plastically defoimkg and radially expanding a second end of the tubular 
member. In a preferred embodiment, the method further includes anchoring the tubular 
membo* durinig the radial expansion. In a preferred embodimmt, tibe first end of the 
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tubular member is plastically defimncd and radially expanded before the second end In a 
preferred embodiment, plastically defbiming and radially expanding the second end of the 
tubular member inclodes injecting a fliiidic CQBterial in In a 

preferred embodiment, the method further includes injecting a hardenablo fMdic sealing 
material into an amiuhis between tho tubular member and the welibore; 

A method of fonning a welibore casing within a welibore haa also been described 
that includes plastically deforming and radially expanding a fimt tubular member within 
the welibore^ positioning a second tubular member inside the first tubular member in an 
overlapping relationship, plastically deforming and radially expanding the end of the 
second tubular member tiiat ovedaps with the first tubular member, plastically defbmiing 
and radially expanding tho remaining portion of the second tubular member, in a preferred 
embodiment, the method fUttiier includes plastically deforming and radially expanding at 
least a portion of the second tubular member. In a prefened embodiment, the inside 
diameterB of the first and second tubular members are substantially equal after the radial . 
expansions. In a preferred embodiment, the method iurther includes injecting a hardenable 
Huidic sealing material into an annulus between the first tubular member and tbe welibore. 
In a preferred embodiment, the method further includes injecting a hardenable fluidic 
sealing materid into an annulus between the second tubular member and the welibore. 

An apparatus for fonnmg a weCbore casing within a welibore has also been 
described that includes means for plastically defbnning and radially expanding a first 
tubular member within the wellborn means for positioning the second tubular member 
inside the first tubular member in an overlapping relationship, means for plastically 
dofbiming and radially expanding the end of the second tubular member that overls^s with 
the first tubular member, means for plastically deforming and radially expanding the 
zemaining portion of the second tubular member. In a preferred embodiment, the 
apparatus fiirtfaer includes means for plastically deforming and radially expanding at least 
a portion of the second tubular member. In a preferred embodim^t, the inside diameters 
of the first and second tubularmembos are substantially equal after the radial expansions. 
In a preferred embodiment, tho i^paratus further includes means for injecting a 
hardenable fiuidio sealing material into an annulus between the first tubular member and 
tbe welibore. Inapreferredembodiment, the apparatus iurther includes means for 
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injecting a hardenablc fluidic seating material into an annolus between the second tubular 
member and the wcllborc. 

An apparatus for bridging an axial gap between opposing pain of wellbore casing 
v^ithin 8 wellbore has also beea described that Includes means for supporting a tubular 
member in overiappii^ relation to the opposing ends of the wellbore casmgs, means for 
plastically deforming and radially expanding (he tubular member, and means for plastically 
deforming and radially expendinjs the tubular member and the opposing ends of the 
wellbore casing?. 

A method of bridging aoi axial gap between opposing pairs of wellboro casing 
withhi a wellbore has also been described that includes supporting a tubular member in 
oveiiapping relation to &e opposhig ends of the wellbore caaihgs, plastically deforming 
and radially expanding Ibe tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing ends of 
the wellbore casings. 

A method of fonning a structure having desired strength charactaistics has also 
been described that includes providhig a first tubular member, and plastically deforming 
and radially expanding additional tubular members onto the interior surfiu)e of the first 
tubular member until the desired strength characteristics are achieved* . 

A method of forming a wellbore casing within a wellbore having desired strength 
characteristics has also been described (hat includes plastically deforming and radially 
expanding a first tubular member within the wellbore, and plastically defomung and 
radially expanding additional tubular membn^ onto the mt^or surface of the first tubular 
member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter OD^ and an original wall thickness to, 
has also been described that includes plastically deforming and radially expanding a first 
portion of (he firat tubular member to a first outside diameter, plastically deformmg and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
ovcriapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a tiiird outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
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outside diameter, ^n^Mrdn the inside diameters of the fiist and second tubular members 
after the plaatio delbnnfldons and radial expansions are 8ubstantia]ly equal« and 
wherein the ratio of the origfaial outside diameter ODo of the first tubular member to the 
original wall ^okness t^ of the first tubular member is greater than or equal to 15. 
5 Aniel]x>dofformingamonoHdiameterwelIboree^ 

tiiat includes positioning a fiist tubular member within a weilbore, the first tubular member 
having an cniguud outside diameter OD^ and an oiiginal wall thickness plastically 
defonning and radially ej^anding a first portion of the firs t tubular member to a first 
outside diameter^ plastically defcnning and radially expanding another portion of the first 

10 tabular niember to a second outside diameter, positioning the second tubular member 
hudde the first tabular member in ovorlappmg relation to the &st portion of the first 
tubular member, plastically defimning and radially expanding the second tubular member 
to a tfiixd outside diameter, and plastically defbnning and radially expanding the second 
tubular member to a fbuifli outside diameter. Hie inside diameters ofthe first and second 

15 tubular members after five plastic deformations and radial expansions are substantially 
equal, and wherem the ratio of the orighial outside diameter ODq of the first tubular 
member to the original wall thickness Iq of the first tubular member is greater dian or equal 
lb 16, 

An apparatus has also been described that includes aplastically deformed and 
20 ndialty exparidfld tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameto; wherein the ratio of the original 
outside diameter ODq of the first tubular member to the original wall thickness t^ of the 
firsr tubular member is greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
25 radial]^ eapanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
defbimed and radially expand^ second tubular member coi^led to the first portion of the 
fiat tubular mcmbor. The ratio of the origmal outside diameter QD^ of the first tubular 
member to the original wall thiekness t^ of the first tubular metdber is greater than or equal 
30 to 16. In a preferred embodiment, the inside diametexs of the first and second tubular 
members are substantially equal. 
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A wellbore casing formed in a wellbore has also been described that Includes a 
plostically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular, member 
5 coupled to the first portion of the first tubular member. The ratio of the original 
outside diameter ODo of the firat tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 16. In a preferred embodiment, the 
inside diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
10 radially expanded mbular member. In a preferred embodiment, the ratio of the origmal 
outside diameter ODq of the tubular member to the original wall thickness tb of the 
tubular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and 
IS structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates, a wide range of 
modifications, changes, and substitutions. In some inscahces, one may employ sonie 
features of the present invention widtout a corresponding use of the other features. 
20 Accordingly, it is appropriate that readers should construe the appended claims 
broiadly, and in a manner consistent with the scope of the inyiention. 

Thnnighout this ^ecification and the claims which follow, unless the context 
requires otherwise, the word "comprise\ and variations such as ^'comprises" and 
''comprising**, will be understood to imply the inclusion of a stated integer or step or 
25 group of integers or steps but not the exclusion of any other integer or step or group of 
integers or steps. 

The reference to any prior art in this specification is not, and should not be 
taken as, an acknowledgment or any form of suggestion that that prior art forms part of 
the common general knowledge in Australia. 
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m CLAIMS DEFININO THE INVENnON ARB AS FOLLOWS: 

1. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diametei; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is frangible. 

2. An appamtus for plastically deforming and radially expanding a tubular member^ 
comprisuig: 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to die first outside diameter is elastic. 

3. An appamtus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically defonning and radially expandmg a first portion of the tubular 
member to a first outside diameter; and 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is inflatable. 

4. An apparatus for plastically deforming and radially expanding a tubular member, 

comprising: 
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means for plastically defbnnmg and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 
S wherein the means for plastically deforming and radially expanding the first portion 

of the tubular member to the first outside diameter includes rolling means for applying 
radial pressure to the first portion of the tubular member. : 

5. An apparatus for plastically deforming and radially expanding a tubular member, 
iO comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage! fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
IS expansion cone; 

an annular expansion cone launcher coupled to (he conical sleeve and a lov^er 
portion of the tubular member; and 

a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 

6. The apparatus of claim S, wherein the conical sleeve is frangible. 

7. The apparatus of claim S, wherein the conical sleeve is elastic. 

25 8. The apparatus of claim 5, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

9. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

30 plastically deforming and radially expanding a portion of the tubular member to a 

first outside diameter; and 
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^ plastically defonning and radially expanding another portion of the 

^ to a second outside diameter; 

VO wherein plastically defonning and radially expanding the poition of the tubular 
member comprises: . 

^ S applying a radial force to the portion of the tubular member using a conical sleeve. 
O 

00 

0\ 10* The method of claim 9, wherein the conical sleeve is frangible. 
CM 
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11. The method of claim 9, wherein the conical sleeve is elastic. 

10 

12. The method of claim 9, wherein the conical sleeve comprises a plurality of arcuate 
elements. 

13. A method of plastically defonning and radially expanding a tubular member, 
IS comprising: 

• '.*••• 

plastically deforming and radially expanding a portion of the tubular member to a 

firet outside diameter; and 

plastically defonning and radially expanding another portion of the tubular member 

to a second outside diameter. 

20 wherein plastically deforming and radially expanding the portion of the tubular 

member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder* 

2S 14. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding anottier portion of the tubular member 
30 to a second outside diameter, 

wherein plastically defonning and radially expanding the portion of the tubular 



-63- 



member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

1 5. A method of coupling a iBrst tubular member to a second tubular member* 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubiiiar member to a third 
outside diameter; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first and second tubular members after the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

16. The method of claim 15, wherein the first outside diameter is greater than the 
second outside diameter. 

17. The method of claim 1 5, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

.18. The method of claim 17, wherein the conical sleeve is fi'angible. 

1 9. The method of claim 1 7, wherein the conical sleeve is elastic, 

20. . The method of claim 1 7, wherein the conical sleeve comprises a plurality of arcuate 



64 



elements. 

21 . The method of claim IS, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

22. The method of claim 1 S, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a roller 
expansion device. 

23. An appamtus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically defonning and radially expanding a first portion of the 
first tubular niemb^ to a first outside diameter; 

- means for plastically defonning and radially expanding another portion of 
the first tubular member to a second outside diameter, 

means for positiom'ng the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member; 

means for plastically defonning and radially expanding the second tubular 
member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter; 

wherein the first and second tubular members after the plastic defiirmations 
and radial expansions define a passage having a constant cross sectional area. 

24. The apparatus of claim 23, wherein the first outside diameter is greater than the 
second outside diameter* 

25. The apparatus of claim 23, wherein the means for plastically deforming and 
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^ radially expanding the first portion of the first tubular member comprises: 

Q means for applying a radial force to the portion of the tubular member using a 

\0 conical sJeeve. 

O 

S 26* The apparatus of claim 23, wherein the conical sleeve is frangible. 

O 

00 

0\ 27. The apparatus of claim 2S| wherein the conical sleeve is elastic. 
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28. The apparatus of claim 25, wherein the conical sleeve comprises a plurality of 
lb arcuate elements. 

> 

29. The apparatus of claim 23, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of to the first tubular member 
I S using an inflatable bladder. 

30. The apparatus of claim 23, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
20 member using a roller expansion device. 

3 1 . An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the welJbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
25 member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is frangible. 
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32. An apparatus for forming a weilborc casing within a wellbore, comprising: 
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means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a firat outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
S tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. 

* 

33. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first portion of the tubular 

member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a secoiid outside diameter, 

wherein the means for plastically deforming and radially expanding the first portion 
bf the tubular member to the first outside diameter Is inflatable. 

34. An apparatus for forming a wellbore casing within a wellbore, comprising: 
. means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter comprises rolling means for applying 
radial pressure to the first portion of the tubular member. 

35. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular sv^)port member having a second fluid 

passage fiuidicly coupled to the fust fluid passage and an outer conical surface; 
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a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member; and 

a shoe luiving a valveable passage coupled to an end of the expansion cone 
launcher. 

36. The apparatus of claim 35, wherein the conical sleeve is frangible. 

37. The appanitus of claim 35, wherein the conical sleeve is elastic. 

38. The apparatus of claim 35, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

1 5 39, A method of forming a wellbore casing within a wellborc, comprising: 
. supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
20 to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
member comprises: 

applying a radial force to the portion of the tubular member using a conical 

sleeve. 

25 

40. The method of claim 39, wherein the conical sleeve is frangible, 

4 1 . The method of claim 39, wherein the conical sleeve is elastic. 

30 42. The method of claim 39, herein the conical sleeve comprises a plurality of arcuate 
elements. 
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43. A method of fonning a wellbore casing within a wellbore, comprising: 
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plastically defonning and radially expanding a portion of the tubular member to a 
S first outside diameten and 

plastically deforming and radially expanding another portion of the tubular member 
. to a second outside diameten 

wherein plastically deforming and radially expanding the portion of the tubular 

« 

member comprises; 

1 0 applying a radial force to the portion of the tubular member using an inflatable 

bladder. 

44. A method of forming a wellbore casing within a wellbore, comprising: . 
supporting a tubular member within a wellbore; 

IS plastically defomiing and radially expanding a portion of thie tubular member to a 

first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
20 member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

45. A method of fonning a mono^iameter wellbore casing within a wellbore» 
25 comprising: 

supporting a first tubular member within the wellbore; v 
plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 
30 . member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
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overlapping relation to the radially expanded first portion of the first tubular member; 

plastically defonning and radially expanding.the second tubular member to a third 
outside diameter; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter,. 

wherein the first and second tubular members after the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

46. The method of claim 45, wherein the first outside diameter is greater than the 
second outside diameter. 

47. The method of claim 43, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force fo the portion of the tubular member using a conical sleeve. 

48. The method ofclaun 47, wherein the conical sleeve is frangible. 

49. The method of claim 47, wherein the conical sleeve is elastic. 

50. The method of claim 47, wherein the conical sleeve comprises a ptumlity of arcuate 
elements. 

51. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

52. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a roller 
expansion device. 
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53. The method of thim4S,iWther comprising: 

injecting an annular body of a haidenable fluidic sealing material into an annulus 
between the first tubular member and the wellborn. 

54. The method of claim 45, further comprising: 

injecting an annular body of a haidenable fluidic sealing material into an annulus 
between thcf second tubular member and the wellbore. 

55. The method of claim 53 or 54, iuither comprising: 

curing the annular body of haidenable fluidic sealing material. 

56. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the flrst 
tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the radially expanded first portion of the first tubular member; 

means for plastically deforming and radially expahdirig the second mbiilar member 
to a third outside diameter; and 

. means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 

wherein the first and second tubular members after the plastic deformations and. 
radial expansions define a passage having a constant cross sectional area. 

57. The apparatus of claim 56> wherein the first outside diameter is greater than the 
second outside diameter. 
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^ 58. The apparatus of claim S6» wherein the means for plastically deforming and 

Q radially expandmg the first portion of the first tubular meniber comprises: 

VO means for applying a radial force to the portion of the tubular member using a 
O 

conical sleeve. 

CS 5 
O 

00 59. The apparatus of claim S8, wherein the conical sleeve is frangible. 
ON 
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60. The apparatus of claim 58« wherein the conical sleeve is elastic. 

10 61. The apparatus ofclmmSSt wherein the conical sleeve comprises a plurality of 
arcuate elements. 

62. The apparatus of claim 56» wherein the means for plastically deforming and 
radially expanding the first portion of the furst tubular member comprises: 

15 means for applying a radial force to the first portion of the first tubular member 

using an inflatable bladder. 

63. The apparatus of claim 56> wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

20 means for applying a radial force to the first portion of the first tubular member 

using a roller expulsion device. 

64. The apparatus of claim 56, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
25 annulus between the first tubulEur member and the wellbore. 

65. The ajpparetusofclaim 56, fiirther comprising: 

ineans for injecting an annular body of a hardenable fluidic sealing material into an 
armulus between the second tubular member and the wellbore. 
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66. The apparatus of claim 64 or 65, further comprising: 
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means for curing the annular body of hardenable fluidic sealing material. 

67. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

68. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a flrst fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a low&r portion of die tubular member; 

a second annular porti<ni coupled to the first annular portion that mates with the 
outer conical surface of the expansion cone; 

a third aimular portion coupled to the second annular portion having a first outside 
diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside (fiameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe havmg a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

69. A method of plastically defomiing and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another porfion of the tubular 
member. 
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70. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning (he second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

71. An apparatus for coupling a first tubular member to a second tubular member^ 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically deforming and radially expanding another portion of the first 
tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

means for plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

72. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for providing a lipped portion in the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

73. An apparatus for forming a wellbore casmg within a wellbore, comprising: 
a tubular support member including a first fluid passage; 
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an expansion cone coupled to the tubular support member having a second fluid 
passage fluldicly coupled to the first fluid passage and an outer conical surface; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 
S a second annular portion coupled to the first annular portion that mates with the 

outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first outside 
diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
10 outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

IS 74. A method of forming a wellbore casing in a wellbore» comprising: 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular 
member. 

20 

75. The method of claim 74, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the tubular 
member and die wellbore. 

25 76. The method of claim 75, further comprising: 
curing the fluidic sealing material. 

77. A mediod of fomiing a mono-diameter wellbore casing within a wellbore, 

comprising: 

30 supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member; 
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plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 
S plastically defomiing and radially expanding the second tubular member; 

wherein the inside diameters of die first and second tubular members after the 
plastic defomiations and radial expansions are substantially equal. 

78. The method of claim 77, further comprising: 

10 . injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the wellbore. 

79. The method of claim 77, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
15 tubular member and the wellbore. 

80. The method of claim 78 or 79, further comprising: 
. curing the fluidic sealing material. 

20 8 1 * An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically deforming and radially expanding another portion of the first 
tubular member; 

25 means for positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

means for plastically deforming and radially expanding the second tubular member, 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal 

30 

82. The apparatus of claim 8 1 , further comprising: 
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means for injecting a hardenable fluidic sealing material in an annulus between the 
first tubular member and the wellboie. 

83. The apparatus of claim 81, further comprising: 

5 means for injecting a hardenable fluidic sealing material in an annulus between the 

second tubular member and the wellbore. 

84. The apparatus of claim 82 or 83, further comprising: 
means for curing the fluidic sealing material. 

10 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
1 5 coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surftce of 
the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
launcher; 

20 a shoe coupled (o another end of the annular expansion cone launcher having a 

valveable fluid passaige; and 

another annular expansion cone movably coupled to the tubular support member, 
wherein the atmular expansion cones are positioned in opposite orientations. 

25 86. The apparatus of claim 85, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically deform and radially expand a 
second end of the expandable tubular member, 

30 87. The appamtus of claim 85, further comprising: 
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an anchoring member coupled to the tubular suiqport member adapted to hold the 
expandable tubular. 

88. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical suri^e of 
the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member; 
wherein the annular expansion cones are positioned in opposite orientations. 

89. The apparatus of claim 88» wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically deform and radially expand a 
second end of the expandable tubular member. 

90. The apparatus of claim 88» further comprising: 

an anchoring member coupled to the tubular support member adapted to hold the 
expandable tubular. 

91. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means br suppoiting a tubular member in overlapping relation to the opposing 
ends of die wellbore casings; 

means for plastically deforming and radially expanding the tubular member, and 
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means for plastically deforming and radially expanding the tubular member and the 
Q opposing ends ofthewelibore casings. 

o 

92. A method of bridging an axial gap between opposing pairs of wellbore casing 
^ S within a vi«Ubore» comprising: 

X> supporting a tubular member in overlapping relation to the opposing ends of the 

^ wellbore casings; 

CM 



plastically defonning and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the opposing 
1 0 ends of the wellbore casings. 

93. A method of forming a structure having desired strength characteristics^ 
comprising: 

providing a first tubular member; and 
I S plastically deforming and radially expanding additional tubular members onto the 

interior suriTace of the first tubular member until the desired strength characteristics are 
achieved. 

94. A method of forming a wellbore casing within a wellbore having desired strength 
20 characteristics, comprising: 

plastically deforming and radially expanding a first tubular member within the 
wellbore; and 

plastically deforming and radially expending additional tubular members onto the 
interior surface of the first tubular member until the desired strength characteristics are 
25 achieved. 

95. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness to» 
comprising: 

30 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
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plasdcalty deforming and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapiping relation to the first portion of the first tubular member; 
S plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 

plastically defomting and radially expanding the second tubular member to a fourth 
outside diameter* 

wherein the inside diameters of the first and second tubular members after the 
10 plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular member 
■ to the original wall thickness to of the first tubular member is greater than or equal to 16. 

96. A method of forming a mono-diameter wellbore casing, comprising: 
1 S positioning a first tubular member within a wenbore> the first tubular member 

having an original outside diameter ODo and an original wall thickness to; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a fiist outside diametei^ 

plastically deforming and radially expanding another portion of the first tubular 
20 member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 

25 plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
: plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular member 
30 to the original wall thickness lo of the first tubular member is greater than or equal to 1 6. 
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97. An apparatus^ comprising: 

a plastically deformed and radially expanded tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside diameter, 

v^herein the ratio of the original outside diameter ODo of the first tubular member 
to the original vi/all thickness of the first tubular member is greater than or equal to 16. 

98. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member haying a first 
portion having a first outside diameter and a remdning portion having a second outside 
diameter; and 

a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular meniber 
to the original wall thickness lo of the first tubular member is greater than or equal tol 6. 

99. . . The apparatus of claim 98» wherein the inside diameters of the first and second 
tubular members are substantially equal. 

100. A wellbore casing formed in a wellbore, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter; and . 

a plastically deformed and radially expanded second tubular member coupled to the 

first portion of the first tubular member, 

wherein the ratio of the original outside diameter ODo of the first tubiilar member 
to the original wall thickness to of the first tubular member is greater than or equal to 16. 

lot. The casing of claim 1 00, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

102. An apparatus, comprising: 
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^ a plastically deformed and radially expanded tubular member, 

Q wherein the ratio of the original outside diameter ODb of the tubular member to the 

^ original wall dilckness lb of the tubular member is greater than or equal to 1 6. 

^ 5 103. An apparatus for plastically deforming and radially expanding a tubular member, 

O: . - -'^ 

00 compnsmg: 

0\ means for coupling a first expansion cone to a second expansion cone; 



means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter using the first and second expansion cones; 
10 meam for plastically deforming and rkliatly expanding a second portion of the 

tubular member to a second outside diameter using the second expansion cone; and 

means for decoupling the first and second expansion cones prior to plastically 
defoimihg and radially expanding the second portion of the tubular member to the second 
outside diameter; 

IS whertin the first outside diameter is greater than the second outside diameter. 

104. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
20 first outside diameter usmg a fint expansion cone coupled to a second expansion cone; 
decoupling the first and second expansion cones; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter. 

25 

105. A method of coupling a first tubular member to a second tabular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter ushig a first expansion cone coupled to a second 
30 expansion cone; 

decoupling the first and second expansion cones; 
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plastically defoniiing and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

. plastically deforming and radially expanding the second tubular member to a third 
outside diameten and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 
wherein the inside diameters of the first and second tubular members after the 
plastic defomnations and radial expansions are substantially equal. 

106. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the fiist 
tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decouiding the first expansion cone ftom the second expansion cone; 
: means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

means for plastically deforaiing and radially expanding the second tubular member 
to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

107. An apparatus for forming a wellbore casing within a weUbore» comprising: 
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means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the first and second expansion con<ps; and 
means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter using the second expansioh cone; 

wherein the first outside diameter is greater than the second outside diameter. 

108. A method of forming a wellbote casing within a wellbore» comprising; 
supporting a tubular member within a wellbore; 

plastically defonning and radially expanding a portion of the tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
decoupling (he first and second expansion cones; and 

plastically defonning and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion coiie; 

wherein the first outside diameter Is greater than the second outside diameter. 

1 09. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

decoupling the first and second expansion cones; 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member^ 

plastically defonning and radially expanding the second tubular member to a third 
outside diameter; and 
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plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the fiist outside diameter is greater than the second outside diameter; and 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

110, Apparatus for cotipling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanduig a first portion of the first 
tubular member to a first outside diameter using a first expansioii cone coupled to a second 
expansion cone; 

means for decoupling the first and second expansion cones; 

means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular member 
to a tfaurd outside diameter; and 

means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter, 

wherein the first outside diameter is greater than the second outside diameter, and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

1 1 1. Apparatus for plastically deforming and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 
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1 12. A method for plastically defoiming and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 
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